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THE EFFECT OF VAEIOUS INGREDIENTS ON THE RATE 
OF FIRMING OF BREAD CRUMB IN THE PRESENCE 
OF POLYOXYETHYLENE (MONO) STEARATE 
AND GLYCERYL MONOSTEARATE i 

E. C. Edelmann, W. H. Cathcart, and C. B. Berquist® 

ABSTRACT 

Effective methods of retarding the progress of crumb firming during 
staling of bread include the use of lard as an ingredient, use of maximum 
water absorption coupled with minimum baking period required to produce 
bread with moisture content of not more than 38%, obtaining the maximum 
practical value for the ratio of baking pan volume to dough weight, and use 
of either polyoxyethylene (mono) stearate or glyceryl monostearate as an 
ingredient. 

Non-fat dry milk solids, sucrose, yeast, and sodium chloride were found 
to have little effect in delaying the increase in crumb firmness. 

The effect of various ingredients and of pan volume to dough weight 
relationship on increase in crumb firmness was investigated with and without 
polyoxyethylene (mono) stearate and with and without glyceryl mono- 
stearate. 

Ever since scientific methcxis have been applied to the problems of 
the milling and baking industries, cereal chemists have striven to 
improve the keeping properties of bread. In the past, many in¬ 
vestigators have reported the effect of various ingredients on certain 
manifestations of staling, such as increase in crumb firmness, reduction 
in crumb swelling power, reduction in the quantity of soluble starch, 
and other factors. Most of the work reported on this subject has been 
reviewed by Geddes and Bice (3). 

In recent years, certain materials having surface-active properties 
and known as emulsifiers have come into use as inhibitors of crumb 
firming. The effect of various ingredients on increase in crumb firm¬ 
ness in the presence of the two most commonly employed surface- 
active agents; glyceryl monostearate and polyoxyethylene (mono) 
stearate, referred to in this paper as poems, has been studied. 

1 Manuacnpt xeceived May 19, 1949. vr v 

* The Great Atlantic & Pacific Tea Co, National Bakery Divitton, New York 17, N. Y. 
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Materials and Methods 


The effects on crumb firmness of the following levels of lard, 
non-fat dry milk solids, sucrose, yeast, sodium chloride, and water were 
investigated. 


Lard 

Non-fat dry milk solids 

Sucrose 

Yeast 

Sodium chloride 
Water 


None, 3%, and 8? 

None, 3%, and 6% 

4%, 8%, and iWc 
1%, 2%jjand 3% 

None, 2%, and 3% 

60%, 64%, 65%, 66%, and 70% 


All percentages of ingredients given in this paper are based on the 
flour weight as 100%. The effect of these ingredients on increase in 
crumb firmness and the effect of the relationship between the volume 
of the baking pan and the quantity of dough baked in it was studied 
with and without 0.5% poems and with and without 0.5% glyceryl 
monoslearate. Whenever 0.5% glyceryl monostearate was used the 
absorption was increased 1%. 

The bread was made in the laboratory by the sponge and dough 
process from a hard red winter wheat patent flour. All doughs' had 
an absorption of 65% and contained 3% lard and 3% non-fat dry milk 
solids unless otherwise noted. Absorption was increased to 68% 
when 6% non-fat dry milk solids were added and was reduced to 
62% when they were omitted. The absorption remained at 65% 
for all levels of lard, sucrose, yeast, and sodium chloride. Mixing 
was done with a Hobart Mixer, Model A-200, using a McDuffee type 
bowl and fork. Sponges had a temperature of 76®F. (24.4®C.) out of 
the mixer and were fermented for 180 minutes at 80®F. (26.8®C). 
Doughs had a temperature of 80®F. (26.8®C.) out of the mixer and 
were divided immediately after mixing. The dough pieces remained 
at 80®F. (26.8®C.) for 20 minutes between dividing and molding. 
They were rounded by hand but molded mechanically. Two dough 
pieces, each weighing 9 ozs., unless otherwise noted, were placed 
crosswise in the baking pan to form one loaf. The baking pans used 
measured: inside top 8.5 in. by 4.5 in., inside bottom 7.5 in. by 3.5 in., 
depth 2.7 in., and had a volume of 87.9 cu. in. All doughs were proofed 
to the constant height of 9.1 cm. before baking. Baking was done in 
an electrically heated oven equipped with top and bottom heating 
elements and a rotating metal hearth. All bread was baked for 25 
minutes at 450®F. (232®C.) unless otherwise noted. Each experiment, 
relating to a particular ingredient or factor being investigated, was 
done in duplicate, at least,^and several were done in triplicate. 

Changes in crumb firmness occurring during a period of 96 hours 
after baking were followed by organoleptic and compressimetric 
methods. All organoleptic tests were made by the same tiiiree labora- 
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tory workers. The softness of bread was determined by squeezing the 
loaf by hand, feeling the texture of the crumb, eating the bread, and 
mashing with the fist the cut surface of the loaf and noting its resiliency. 
Mechanical tests of crumb firmness were made with the Bloom 



Hours After Baking 

Fio. 1. Effect on Increase In crumb firmness of various lard levels; without an emulsifier, with glyceryl 
monosteaxate, and with polyoxyetliylene (mono) stearate. 

Gelometer equipped with a plunger of 1 in. diameter as described by 
Carlin, Hopper, and Thomas (2). In this work a constant strain of 
4 mm. was used. Loaves were sliced in a commercial slicer 90 minutes 
after baking. Excluding both end slices, 17 slices each approximately 
0.5 in. thick were obtained from a loaf. Two slices, placed together 






4 


EFFECT OF INGREDIENTS ON BREAD FIRMING 


Vol. 27 


on the platform of the Bloom Gelometer, were used for each com¬ 
pressibility measurement. Seven measurements were made on each 
loaf at each test period and average values were plotted to illustrate 
the changes in crumb firmness with lime. Initial compressibility tests 



Fig. 2. Effect m increase m crumb firmness of glyceryl monostearate and of polyoxyethylene 
tmonoj stearate at various lard levels. 


were made as soon as possible; usually within three hours after baking. 
Further compressibility measui%ments were made on the same loaves 
at approximately 24, 48, 72, and 96 hours after baking. All loaves 
were stored at 80“F. (26.8‘’C.) between compressibility measurements. 
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Fig. 3. Effect on increase in crumb iumnebs ot various levels ot non-iat dry milk solids, without 
an emulsifier, with glyceryl monobtearate, and with polj ovyethylene (mono) stearate. 


The determination of increase in crumb firmness was used ex¬ 
clusively in this work as the experimental method because the authors 
have found that the rate of increase in crumb firming shown by such 
instruments as the Baker Compressimeter and Bloom Gelometer 
reflect the findings of the consumer when choosing bread. 



Fig. 4. Effect of various sucrose levels on increase in crumb firmness of bread baked 25 mm. 
at 4S0®F, (232®C.){ without an emulsifier, with glyceryl moaostearate, and with polyoxyethylene (mono) 
stearate. 
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In this paper the term '‘contror* is not limited to one particular 
formula but describes, in each series, the loaves made without an 
emulsifier. 

Results and Discussion 

Lard. Fig. 1 illustrates the effectiveness of lard in slowing the 
advance of crumb firmness. The addition of 3% lard had the greatest 
^improving effect in the bread made without an emulsifier. Increasing 



Fig. S. Effect on increase in crumb firmness of baking at 450®F. (232®C.) bread, made with 
different levels of sucrose, to the same crust color; without an emulsifier, with glyceryl monostearate, 
and with polyoxyethylene (mono) stearate. 

the lard to 8% showed only slight improvement in the bread made 
without an emulsifier while bread containing poems and that containing 
glyceryl monostearate showed a relatively greater improvement from 
the second lard addition. 

Fig. 2 presents the same information in a different manner and 
illustrates the effectiveness of poems and glyceryl monostearate at 
different lard levels. Poems and glyceryl monostearate are more 
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effective crumb firmness retardants in bread made without lard than 
in bread made with lard. Organoleptic tests indicated that the 
effectiveness of lard in retarding increase in crumb firming is more 
readily observed in bread made without an emulsifier. 

Non-Fat Dry Milk Solids. Fig. 3 shows that increments of 3% 
non-fat dry milk solids have a tendency to retard the increase in 
crumb firmness of bread made without an emulsifier. Such improve- 



Fic, 6. Effect on Increase in aumb firmness of vanoiw yeast levels, without an emulsifier, 
with glyceryl monostearate, and with polyoxyethylene (mono) stearate. 


ments are not shown in bread containing either poems or glyceryl 
monostearate. Although organoleptic tests show the same trend, differ¬ 
ences are small and there is little indication that non-fat dry milk 
solids affect the increase in crumb firmness of staling bread to an im¬ 
portant degree. 

Sucrose. Fig. 4 shows that variations in sucrose content of from 
4 to 12% have little effect on the degree or rate of change of crumb 




8 


EFFECT OF INGREDIENTS ON BREAD FIRMING 


\ol 27 


firmness. In bread containing poems and glyceryl monostearate there 
is a slight tendency toward increased crumb firmness as the sucrose 
level is increased from 4 to 12%. Organoleptic tests indicated no 
differences in crumb firmness at various sucrose levels in bread con¬ 
taining poems but did indicate increased crumb firmness at 8 and 12% 
sucrose levels in bread made with glyceryl monostearate and in bread 
made without an emulsifier. Because of differences in crust color 
another experiment was made employing the same sucrose levels as 
before, but the loaves made with 4 and 12% sucrose were baked until 



the crust colors matched visually that of the loaf made with 8% 
sucrose and baked for 25 mins. Loaves containing 4% sucrose re¬ 
quired 30 mins, and those containing 12% sucrose required 22 mins, 
baking time; all at 4S0®F. (232®C.). Results are illustrated in Fig. 5. 
In the second experiment th^e was a difference in the degree of increase 
of crumb firmness between loaves having different sucrose levels, 
especially in the control and glyceryl monostearate loaves. These 
results were confirmed by oi^^oleptic tests. However, it is likely 




Jan, 1950 E C. EDELMANN, W. H. CATHCART, C B. BERQUIST 


9 


that differences in baking time, not sucrose content, accounted for 
differences in the rate of increase in crumb firmness. The moisture 
content, as determined by the A.A.C.C. Method (1), of loaves baked 
for 22 mins, was below 38%. 

Yeast. Fig. 6 shows that the use of 2% and 3% of yeast tends to 
produce softer bread than the use of 1% yeast. This effect was barely 
apparent in bread containing poems. Organoleptic tests confirmed 



Fig. 8. Effect of vatious ibsorptiona on increase in crumb firmness of bread baked 2S mm at 
450®F. (232®C.), without an emulsifier, with glyceryl monostearate and with polyoxyethylene (mono) 
stearate 


these findings. Like all other doughs in this study, these were proofed 
to a constant height of 9.1 cm. Differences in increase of crumb 
firmness between loaves made with various quantities of yeast cannot 
be accounted for by differences in loaf volumes. 


Yeast 

3 ^ 


0 5% glyceryl mono- 


No emulstfier added 0 5% poems stearate 

2375 cc. 2475 cc. 2300 cc. 

2400 cc. 2450 cc. 2350 cc. 

2350 cc. 2575 cc. 2375 cc. 
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Because loaves containing 3% yeast had a strong odor 48 hours after 
baking, further investigation at higher yeast levels was not made. 

Sodium Chloride. Fig. 7 shows that in all cases the crumb of 
bread made without sodium chloride was less firm than that containing 
3% sodium chloride. However, this observation probably is without 
practical value and differences in increase in crumb firmness between 
loaves made with 2% and 3% sodium chloride were small. Organo- 



Fig 9. Effect on increase m crumb firmness of bread baked for same period but at different 
temp^tures and absorptions, without an emuhifier, with glyceryl monosteamte and with oolv- 
oxyethylene (mono) stearate ^ ' 


leptic tests did not reflect differences between loaves made with the 
different levels of sodium chloride and it was noted that, in all cases, 
the loaves made without sodium chloride were approximately 12% 
greater in volume than those containing 3% sodium chloride. 

Water. Two series of^breads with absorptions ranging from 60% 
to 70% were made. Results from both series are illustrated in Figs. 
8, 9, and 10. One series with absorptions of 60%, 65%, and 70% was 
baked for 25 mins, at 450^F. (232®C.). Fig. 8 shows that increased 
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absorption is effective in retarding the increase in crumb firmness 
^pemally m the presence of glyceryl monostearate or poems. OrganT 
i mastication where increased 

changes. A second absorption 
er es (illustrated m Figs. 9 and 10) was made using absorptions of 64% 



and 70% for the control loaves and 66% and 70% for the poems and 
gl^meryl inonostearate loaves. Breads with absorptions of 64% and 

oaked at 520 F. (271 C.); and those containing poems and glyceryl 
monMt^te and having an absorptiomof 70% were baked at 475“F. 

baked for three baking times, namely, 20. 25, and 30 minutes. Fig. 9 
shows that the effectiveness of increased absorption in retarding the 
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increase in crumb firmness with time is maintained even when the 
bread is baked at a higher temperature. Although control bread baked 
at 475®F. (246®C.) was not available, that baked at as high a tempera¬ 
ture as S20®F. (271®C.) was softer than glyceryl monostearate bread 
with an absorption of 66% and baked at 4S0®F. (232^C.). Fig. 10 
shows that the crumb of control bread, with an absorption of 70% and 



Fig. 11, Moisture coatexit of bread illustrated m Fig, 10. 


baked for 25 and 30 minutes at S20®F. (271®C.) is softer at the end of 
96 hours than bread containing 0.5% glyceryl monostearate, baked 
for* the same periods at 450®F. (232®C.), and having an absorption of 
66%, This is not so when these same breads are baked for 20 mins. 
However, Fig. 11 shows that all breads baked for 20 minsi have a 
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moisture content (1) above 38% while those baked for 25 and 30 
minutes are below 38%. 

Relationship of Pan Volume to Dough Weight. It was of interest 
to investigate the effect of variations in the ratio of pan volume to 
dough weight on the rate of change in crumb firmness. As in the 
ingredient experiments, doughs were made without an emulsifier, with 
0.5% poems, and with 0.5% glyceryl monostearate. Two fermented 



dough pieces, each pair having a total weight of 18, 16,14, and 12 ozs., 
were baked in pans having a volume of 87.9 cubic inches giving 4.9, 
5.5, 6.3, and 7.3 cubic inches of pan volume per oz. of dough, respec¬ 
tively. Fig. 12 shows that the rate of increase in crumb firmness, over 
the entire range, was decreased as the number of cubic inches of pan 
volume per ounce of dough was increased. Fig. 12 also shows that 
bread made without an emulsifier and having 6.3 cu. in. of pan volume 
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per oz. of dough was as soft during a 96 hour period as bread containing 
0.5% poems and having 4.9 cubic inches of pan volume per oz. of 
dough; and also as soft as bread contaming 0.5% glyceryl monostearate 
and having 5.5 cubic inches of pan volume per oz. of dough. 

The results of this study indicate factors effective in delaying the 
advance of crumb firmness are: the use of either poems or glyceryl 
monostearate; the use of lard as an ingredient; the maximum absorp¬ 
tion coupled with the minimum baking period required to yield bread 
having a moisture content, one hour after baking, of not more than 
38%; and obtaining the maximum value for the ratio of baking pan 
volume of dough weight, consistent with the maintenance of bread 
quality. Non-fat dry milk solids, sucrose, yeast and sodium chloride 
were found to have little effect in delaying the increase in crumb 
firming. 
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A STUDY OF THE EFFECTS OF VARIOUS TECHNIQUES 
ON THE MEASUREMENT OF THE FIRMNESS OF 
BREAD BY THE BAKER COMPRESSIMETER ^ 

L. B. Crossland and H. H. Favor* 

ABSTRACT 

The Baker Compressimeter was used to study the force-deformation re¬ 
lations in bread crumb. Large variations in thicknesses of prisms of bread 
crumb do not alter these relations when the dimensions of the plunger equal 
or exceed those of the prism. Whole slices were found to be undesirable as 
test pieces because of tiae influence of shear at the perimeter of the plunger. 

The slope of the softness curves produced by fixed force techniques cannot 
be used alone to indicate staling rate because of anomalous results. The 
slope of firmness curves, as indicated by fixed deformation techniques, is 
fairly constant, as bread ages beyond 12 hours; so tests at IS and 66 hours 
are indicative of the firming trend. Proper sampling in fixed deformation 
techniques can eliminate the influence of random differences in firmness of 
loaves on rates of firming, but these influences cannot be avoided by sampling 
in fixed force studies. Fixed deformation technique was found to have de¬ 
finite advantages over fixed force technique. It was found that the results 
of the two techniques could not be compared by the simple use of reciprocals. 

Though the mechanism or mechanisms of bread staling are not 
fully understood, it is recognized that many aspects of staling are due 
to alterations in the starch and that certain other changes in bread not 
known to be attributable to the starch do, however, parallel the 
changes of the starch. The most pronounced and widely recognized 
change is that which results in firming of bread. Several objective 
tests have been proposed for evaluating the degree of staleness of 
bread. Those involving the measurement of changes in the force- 
deformation relationships of the crumb have proven to be most useful, 
because they correlate so well with consumer evaluations. 

With few exceptions, these force-deformation studies have been 
made using a machine of the type described by Platt (4) or the Baker 
Compressimeter (5) which is essentially only an improvement on the 
Platt machine. No two investigators have used the same test condi¬ 
tions. Some operators have tested whole slices of bread, others, only 
sections of crumb. Some have recorded values for force for a fixed 
deformation; others have reported deformation for a fixed force. 
There has been considerable variation in''the maximum values of force 
and deformation in such studies. 

I Manuacrlpt received July 11. 1949. Presented at the annual meeting. May 1949. 

* R. T. VanderbQt Ca, Inc.. East NoxwaUc. Connecticut 
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Geddes and Bice (3) completely reviewed the literature on bread 
staling and recommended that methods of evaluating staleness be 
standardized, so that results of various investigators might be compared. 

The object of this study was to determine the effects of various 
fixed conditions on the values obtained by the compressimeter method 
for determining the staleness of bread, and to establish an optimum set 
of conditions and procedures which will reflect the changes that occur 
m bread as it ages. 

Experimental 

The Baker Compressimeter equipped with a plunger 32 mm. square 
attached at the position nearest the fulcrum was used in all test work, 
except as noted. 



Deformation % 

Fi« 1, Effect of pnam thicknew on the profile ot the force-dcfonnatiou curve of br(*id ciunib. 

The bread used in these tests was made from an average commercial 
formula by the sponge-dough process explained by Favor and Johnston 
(2) and was stored at 86®F. during the test period, except as noted. 

Effect of Thickness of Test Prism, Rectangular prisms of 18-hour- 
old bread 32 mm. square, both 12 mm. and 30 mm. thick, were tested 
in the Baker Compressimeter by taking readings of force at 1 mm. 
intervals, as the drum rotated. 

• When force was plotted against per cent deformation (Fig. 1), it 
was found that overlapping portions of the curves were quite similar, 
indicating that large variations in slice thickness did not alter the 
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nature of force-deformation curves. Platt & Powers (5) noted the ad¬ 
vantages of using slices of commercial thickness. Inasmuch as thick¬ 
ness of the test prism is here indicated to have little qualitative effect 
on results, a thickness of 12 mm. was used in subsequent tests. A 
prism of these dimensions (32 mm. square by 12 mm. thick) is referred 
to as a standard prism. 

Effect of Age on Stress-Strain Relations %n Bread Crumb» Force- 
deformation curves of bread at 4, 18, 42, 66 and 90 hours of age were 
obtained by plotting forces required to compress a standard prism 1 
to 6 mm. 

It will be noted in Fig. 2 that the profile of the curve changes very 
little with age, though the crumb is indicated to be progressively 



0 1 2 3 4 5 6 

Deformotion - mm 

Fig 2. The mfluence of aging on the profile of the force-deformation curve for bread crumb 

firmer at any deformation. It is interesting that in this family of 
curves the slopes are a minimum between 3 and 4 mm. deformation in 
each case (Table 1). It is likely that the high force required to pro¬ 
duce the 1st mm. deformation is due to the arch type cell structure. 
As the cells become deformed, the force required for additional de¬ 
formation decreases, until the bread loses its characteristic texture 
and approaches a continuous mass. 

Obviously, in a practical test, it is not possible to make tests every 
few hours. The changes occurring in bread during the period from 42 
to 72 hours are most interesting to the consumer since this is the period 
during which most bread is eaten. However, 12 and 72 hour tests are 
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TABLE I 


Slope of Force-Deformation Curves of Bread at Various Ages 


Force at. 

Minus force at. 

1 

0 

2 

1 

3 

2 

4 

3 

B 

6 mm. 

5 mm. 

Age in hours 

4 

54* 

31 

21 

13 

13 

22 

18 

81 

42 

23 

15 

15 

24 

42 


56 

27 

17 

22 

31 

66 

134 

67 

28 

19 

21 

27 

90 

156 

74 

29 

19 

22 



Grams per differential millimeter confpression (Fig. 2). 


highly inconvenient when the bread is laboratory baked. The 12 hour 
test is due after normal working hours, and the 72 hour test is due at a 
conflicting hour, where a daily baking schedule is in effect. Tests at 
18 and 66 hours cause no conflicts and give results indicative of the 
firming trend. 

Slice vs. Prism. Using standard prisms and slices 12 mm. thick, 
force was observed at 1 mm. intervals up to 6 mm. on bread 18 and 
66 hours old. 

The results in Fig. 3 show that the profiles of the curves for prisms 
and whole slices are somewhat dissimilar. 

When the dimensions of the prism are equal to or less than those of 
the plunger, strain is entirely compressive. However, in the whole 



Fig: 3. Comtrastmg xirofiles of force-deformation curves for sties andfprisms of bread crumb. 
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slice there is resistance offered to the plunger by the crumb at the peri¬ 
meter which is in shear. The plunger produces a cup shaped depression 
in a whole slice, and when the plunger is released, after a high deforma¬ 
tion, the outline of the plunger remains well defined indicating more 
pressure exerted at the perimeter than under the face of the plunger. 

In tests of prisms and whole slices of a given type of bread, both 
12 mm. thick, a fixed relation existed between forces required for a 
given deformation of a slice and prism. This relation was relatively 
constant as the bread aged, tending to confirm the observation of 
others that testing of whole slices under a given plunger is equivalent 
to increasing prism and plunger area; however, this ratio of forces was a 
function of the extent of deformation (Table II). 

Forces required to compress a prism of crumb and a slice compar¬ 
able amounts are obviously related in a complex manner which in¬ 
volves plunger shape, and area, extent of deformation, and, probably. 


TABLE II 

Relative ErFrcTivc Plunger Areas in Compression Testing 
OF Slices or Bread 


Deformation in mm 

Ibt Day 

3rd Day 

1 

1.34* 

1.27 

2 

1.43 

1.42 

3 

1.45 

1.55 

4 

1.55 

155 

5 

1.59 

— 


* Calculated as grams force required for mdicated deformation of a whole slice divided by grams 
force required to compress a ptism the same ar^ as the plunger the same amount. 


tensile strength of crumb. It appears inadvisable to measure values 
Influenced by more than one characteristic of bread, when comparison 
with results of other investigators is contemplated. 

Fixed Deformation vs. Fixed Force. The data in force-deformation 
studies have been presented graphically in two different manners. 
One of the most widely used means of presenting the data has been as 
compressibility or so-called softness curves, which are of hyperbolic 
type, so there is no curve parameter which may be used to illustrate 
string rate. Recently, the trend among investigators has been to 
plot data as firmness against time; this produces a line with a char¬ 
acteristic slope. 

As bread a^es beyond the first 12 hours of rapid change, firmness is 
nearly a straight line function of time. Only two points are required 
to plot such a curve, whereas a large number are required to plot a 
curve of hyperbolic type. Because the differences in firmness between 
loaves of the same batch of bread are often greater than the differences 
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in firmness of the two halves of a loaf, it is preferable to test half of 
each loaf under observation at each time interval. In this way, the 
influence of random differences in firmness of loaves is minimized, and 
differences in firmness at different test times are attributable to aging. 
To obtain points required to plot the hyperbolic type curves, different 
loaves must be used at each time interval because the loaves cannot 
be symmetrically divided into more than two portions for compression 
tests. Readings at different times, therefore, are influenced by random 
differences in firmness of loaves, as well as by aging of the bread. 

Fixed force studies were made by reading deformation at fixed 
force values while the machine was in operation, in contrast to taking 
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Fig. 4. The influence of aton 
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ifluence of storage temperature on “slope of the compressibility curve'* 
for bread crumb under a fixed stress of 11.7 gms/cm*. 


equilibrium values. The nature of the curves was similar, although 
higher forces were required for a given deformation when force was 
read with the machine running. 

Bread stored at 86®F. was tested and the values plotted as '‘com¬ 
pressibility” as is customary in fixed force studies. As indicated in 
Fig. 4 the curve is flatter for bread stored at 60®F. than for that stored 
at 86°F. The "slope” of such curves has been used alone as an index 
of staling rate. From these curves, then, it would appear that bread 
stor^ at 60®F. stales less rapidly than bread stored at 86®F., a con¬ 
clusion which is in conflict with the observations of all who have studied 
the influence of temperature on bread staling. If the fact that soft- 
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nesses at the earliest test are not equal is considered, the evaluation 
becomes complicated and the manner in which allowance should be 
made is unknown. 

Fixed Strain, Standard prisms tested at 4 to 90 hours at fixed 
deformations give curves shown in Fig. 5. Though the firmness values 
vary as the deformation, the slopes during the period from 12 to 90 
hours are roughly equal for deformations from 2 to 4 mm. It would 
appear, therefore, that the slope of firmness-age curves is a parameter 
characteristic of the material tested and is not affected by moderate 



Time - Hours after Baking 

Fig. 5. The influence of deformation on the time-firmness relations in bread crumb. 

changes in technique with respect to per cent deformation, provided 
that per cent deformation is fixed for the duration of the test. 

Additional techniques suggested in Cereal Laboratory Methods, such 
as the one where the force on the prism is maintained at constant value 
and the deformation at definite time intervals is observed (1), have 
been briefly studied and found to be timq consuming and of little, if 
any, merit, chiefly because curves rather than point values are obtained 
at each test time. The curves can be interpreted only with difficulty, 
if at all. 
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Of the techniques studied, the fixed deformation procedure was 
judged to have advantages far greater than any noted for fixed force 
technique. 

Attempts have been made by some investigators to compare data 
obtained by fixed deformation studies with those obtained under fixed 
force conditions. This has been done by plotting both as firmness or 
as “compressibility.” To do this, the reciprocal values of the ap¬ 
propriate set of data are obtained. If, under the conditions of both 
tests, force were proportional to deformation in the control breads, at 
all respective test times, it would be possible to make comparisons by 
use of reciprocals. If, however, for either or both tests force is not 
proportional to deformation up to maximum deformation at each test 



Deformotion - mm 



time, the use of reciprocals is not justified, so such comparisons can¬ 
not be made. 

Using fixed force data to obtain firmness type curves, the possibly 
misleadii^ results of such comparisons may be illustrated. The data 
used are indicated by the large dots on the family of curves of Fig. 6. 
By dividing the fixed force value in grams by the deformation in mm. 
a quantity is obtained, the,.dimensions of which are grams/mm., the 
same as for firmness readings. 

Firmness type curves based on those data are indicated by broken 
lines and, obviously, do not correspond in profile to the curve produced 
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by the fixed strain technique, as represented by the solid curve. As the 
data represent one sample of bread and the curves indicate three differ¬ 
ing rates of change of firmness, it is evident that data obtained by 
fixed force technique cannot be compared with those obtained by 
fixed deformation methods by the simple use of reciprocals. It is 
further indicated that small changes in fixed force value alter the 
nature of the resulting curves appreciably. 

In tests of crumb at 18 and 66 hours, it is desirable that a deforma¬ 
tion be used which will indicate a maximum change of required force 
over the test period. Fig. 8 represents the firmness of bread crumb 



Fiff. 7. Contrasting profiles of time-firmness curves obtamed by fixed deformation technique and 
those calculated from fixed force data on the same bread sample. The captions on the curves indicate 
the fixed condition under which the data were obtamed. 


prisms at 66 hours minus the firmness at 18 hours at deformations up 
to 6 mm. 

Up to a deformation of 1,5 mm,, the slope of the curve is quite high. 
Evidently slight variations in strain value at which force is read would 
cause considerable fluctuations in the results. As the Baker machine 
is normally read while running, it appears inadvisable to take readings 
at less than l.S mm. It will be noted gfchat the difference increases 
very little for deformations over 3 mm. There is no readily apparent 
way of selecting any particular value over 1.5 mm. that would be more 
valid than another. However, the use of lower deformations allows a 
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study of products over longer intervals of time because off-scale values 
are produced at a later time. Based on these considerations, a de¬ 
formation of 2.5 mm. was selected as optimum. 

Suggested Method for Determination of Staling Rate of Bread with the 
Baker Compressimeter. Select two or more loaves of comparable 
volumes from each batch to be tested. Wrap in moisture-proof paper 
and store at 86®F. At 18 hours from the oven, using commercial slice 
or 12 mm. slices, cut prisms to the dimensions of the plunger (32 mm. 
square). The prism should be taken at about 1 inch from the lower 
crust and the side away from the ^*break.** Use half of each loaf, dis¬ 
carding those prisms with large holes or hard cores. The two end 



Fig, 8. The influence of deformation on the firmnes8>dilference of bread crumb 66 and 18 hours old, 

slices should be used to cap the open end of the loaf before rewrapping 
and returning to storage. 

With the plunger at position 1, place the test prism beneath the 
plunger and turn Nut B (1) to adjust the pointers to zero. Start the 
motor and when the test piece has been compressed 2,5 mm., read scale 
J and multiply by the leverage. Average all readings for the batch. 

At 66 hours from the oven, test the remaining halves in the same 
manner. The difference between the 3rd and 1st day averages is an 
injlex of the staling rate of the batch. 

Correlation of Test Method with Consumer Evaluations, To deter¬ 
mine whether the values measured by such a test would correlate with 
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consumer evaluations of firmness, bread 1, 2, and 3 days old was tested 
for firmness, as described, and, then, slices of each were offered to a 
panel of 20 people. Each was asked, “Which is most firm?” and then, 
“Which of the two others is less firm?” 

Of the 20 people, 18 judged the 3 day old bread with a firmness 
reading of 195 grams as most firm and 18 judged the 1 day old bread 
with a reading of 105 grams as least firm. The two day old bread gave 
a reading of 131 grams. 

These results show that the measurement of firmness by the Baker 
Compressimeter, using the selected test conditions, correlates with 
normal consumer evaluation of firmness. 
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CHANGES IN THE RATE OF FIRMNESS DEVELOPMENT 
IN BREAD AT DIFFERENT SEASONS AND WITH 
THE USE OF EMULSIFIERS 1 


Oscar Skovholt and R. L. Dowdle^ 

ABSTRACT 

Compressibility determinations indicated that emulsifiers reduce the 
rate at which bread increases in firmness with age and that polyoxyethylene 
stearate is more effective than a v^etable oil monoglyceride in this respect. 
Measurements made during different seasons of the year showed that bread 
became firm more quickly in temperatures such as prevail indoors during 
winter as compared with those encountered during the warmer months of 
summer. 

A controversy exists as to whether some of the recently developed 
emulsifiers are in effect merely bread softeners or whether they retard 
the rate of firmness development. The term “staling'' might be 
applied to the latter change since it is believed that this phenomenon 
is chiefly characterized by increasing firmness and harshness when 
eaten or when judged by some type of squeeze test. Much work re¬ 
mains to be done in defining the process of staling. Until such a 
complete definition is available, controversy can be avoided by re¬ 
ferring to the observed changes in firmness with age rather than to 
antistaling properties. 

The purpose of this investigation was to determine the effect of 
two different types of emulsifiers on the rate of firmness development 
in bread. There was no change in the absorption used since extra 
water tends to increase the initial softness. Loaf volumes were ap¬ 
proximately the same throughout the investigation. Variation in 
volume can also be an important factor in variable initial softness. 
The amount of bake also influences initial softness and this factor was 
kept constant throughout the investigation. An effect of temperature 
upon rate of firmness development became evident while making these 
compressibility measurements throughout the year. Some average 
values were obtained for the rate of firnaness development during 
different seasons of the year. 

Materials and Methods 

In order to conform to commercial baking practice, a sponge and 
dcnigh method w ith average commercial formula was employed. This 

i greaeixt^ at the annual^ meeting—May, 1949. Manuscript received. June 13, 1949. 
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included the use of 3% shortening in the control doughs and 2% when 
using an emulsifier. Loaves were produced in pans with dimensions 
of 4 X 8 X 2)4 in. and with doughs scaled at 430 g. Time and 
temperature factors for all steps in production were in line with ac¬ 
cepted commercial practice. A baking time of 24 min. at 230®C. 
produced a more thorough bake than is evident in much commercial 
bread at the present time. 

Two types of flour were used throughout the investigation but with 
a different sample for each set of baking tests. The flours used were 
average bakers southwestern hard winter and hard spring wheat types 
of medium extraction. Each set of loaves compared for firmness was 
made with either the same flour or a blend of similar samples. 

Bread firmness was determined by the Baker Compressimeter using 
the optional method of constant strain as mentioned in Cereal Labora¬ 
tory Methods (1). Readings were taken of the load required for 
depressions of 2, 3, 4 and 5 mm. These readings were made on at 
least six slices from each loaf tested. 

Loaves were wrapped in ordinary waxed paper as soon as sufficiently 
cooled. They were then held in a cabinet and were subject to the 
usual variations in temperature until they were used for compressibility 
tests. 

Two types of emulsifiers were used in the series specifically set up 
to study the rate of firmness development. They were a polyoxy¬ 
ethylene stearate and a vegetable oil monoglyceride and both were 
used at a level of 0.5% of flour weight. The latter had a somewhat 
lower melting point (46®C.) than most ingredients first offered the 
bakers as glyceryl monostearate. 

Results and Discussion 

Effect of Emulsifiers. The results in Fig. 1 show compressibility 
readings made on bread when 2, 24, 48, 72, and 96 hours old. Six 
slices were taken from a separate loaf from each batch for the firmness 
determinations at each time interval. Triplicate sets of tests were 
made with each flour type so that each point on the curves is based on 
18 readings. 

It is quite evident that differences in softness of the 2 hour bread 
are insignificant and that there is an appreciable decrease in the rate 
of firmness development due to the addition of the emulsifiers. The 
average firmness readings for both flour types on 96 hour bread were 
29.4 for the control loaves, 22,6 when using vegetable oil monp- 
glyceride and 16.5 for the bread containing polyoxyethylene stearate. 
The two flour types are not identified in the figure since the tests with 
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flour No. 1 were made several weeks before those with No. 2 and with 
an increase in average room temperatures during this interval. This 
difference in temperature during storage of the bread could account 
for the difference in the rate of firmness development with the two 
flour types as will be discussed later. 

There has been some dispute about the amount of deformation 
which should be employed in making firmness tests with the Baker 
Compressimeter and also as to whether the data conform to Hooke’s 



Fig. 1. Effect of a^ie of bread on compressibility readings. 

law. Fig. 2(b) shows the average firmness-deformation relationship of 
the control bread at various ages from the six series of tests which have 
just been discussed. Fig. 2 (a) gives similar data for the bread containing 
polyoxyethylene stearate. The stress-strain relationships produced 
approximately straight lines in all cases when plotting deformations of 
2, 3,4, and 5 mm., but these lines extrapolated would not pass through 
the origin. This would seem to indicate that Hooke’s law does not 
apply to such determinations. The regularity of results at different 
deformation levels show that the effect of the emulsifiers upon the rate 
of bread firmness development can be shown by employing any 
deformation within this range but that differences are greater in the 
upper part of the range since the lines are not parallel. 
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Effect of Temperature. One of the most impressive results from 
the use of an instrument such as the Baker Compressimeter was the 
revelation of a pronounced effect of storage temperature upon the rate 
of firmness development in bread. When judgment is used, instead 
of mechanical measurement, there is no way of noting whether bread 
firms more rapidly during the winter as compared with the summer 
season. It was soon discovered that shorter storage periods had to be 
employed during the cold weather season to stay on the scale of the 
instrument when reading the load needed for a 5 mm. depression of 
the slice. 



DEFORMATION mm 



DEFORMATION mm 


Fig 2 (A) Relationship of firmness and deformation values obtained witli bread of various ages 

containing polyoxyethylene stearate. (B) Values obtamed with control bread of various ages 


A total of 13 pairs of loaves made without emulsifier and a similar 
number containii^; polyoxyethylene stearate, at a level of 0.5% of 
flour weight, were checked for compressibility after four days store^e 
at uncontrolled room temperatures durii^ the months of May through 
August. Average compressibility values for a 5 mm. depression were 
24.3 for the control loaves and 15.4 when the bread contained the 
emulsifier. By way of comparison, averages were compiled for 18 
series of tests made during tihe months pf October through April on 
bread which had been held for only 3 days. Readings for a 5 mm. 
depression averaged 30.1 for the control bread and 20.6 when the 
polyoxyethylene stearate was included. These values average 27% 
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higher than those obtained in the summer with a 25% reduction in 
storage time. 
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EFFECTS OF VARYING QUANTITIES OF SUGAR, 
SHORTENING, AND AMMONIUM BICARBO¬ 
NATE ON THE SPREADING AND TOP GRAIN 
OF SUGAR-SNAP COOKIES ^ 

K. F. Finney, W. T. Yamazazi, and V. H. Morris ^ 
ABSTRACT 

Shortening was varied in the cookie formula from 25% to 35%, sugar 
from 50% to 80%, and ammonium bicarbonate from 0% to 3.25%, using a 
procedure that required small amounts of ingredients. Varying the quant¬ 
ity of shortening did not materially affect cookie diameter but did alter top 
grain in certain instances. Spreading of cookies during baking was directly 
proportional to the quantity of sugar added within each ammonium bi¬ 
carbonate concentration. Increases in ammonium bicarbonate also pro¬ 
duced proportional increases in diameter within each sugar level. When 
the quantity of sugar used was less than 55%, however, inferior top grain was 
obtained. An addition of .5% ammonium bicarbonate, in general, pro¬ 
duced as much increase in cookie diameter and change in top grain as an 
increase of 7.6% sugar. 

The quantity of ammonium bicarbonate required to produce cookies 
having a specified diameter and optimum top grain differed markedly be¬ 
tween varieties. The flours from wheat varieties that spread the most with 
a fixed concentration of ammonium bicarbonate were those generally con¬ 
sidered to be superior for cookies. Increasing increments of ammonium 
bicarbonate increased the pH of cookie dough from about 7.3 witli no 
ammonium bicarbonate to about 7.9 for 2.25% regardless of variety. Fur¬ 
ther increases of bicarbonate to 3,25% were without additional effect on pH, 

A formula including those quantities of sugar, shortening, and am¬ 
monium bicarbonate found to be most satisfactory for evaluating the cookie 
quality of different varieties of wheat is suggested. 

The Tentative A.A.C.C. Cookie Method has been modified and 
adapted to a micro technique (1) for the quality characterization of 
soft wheat varieties. Before adopting this micro procedure for ex- 
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tended routine use in the Soft Wheat Laboratory, however, it seemed 
desirable to study the effect of varying quantities of the ingredients 
most effective in altering cookie characteristics. This paper presents 
data showing the relation of varying quantities of each of the ingredi¬ 
ents sugar, shortening, and ammonium bicarbonate to spreading, 
thickness, and changes in top grain of sugar-snap cookies. 

Materials and Methods 

The flour referred to as “cookie standard” and used in studying the 
effect of varying quantities of sugar, shortening, and ammonium bi¬ 
carbonate on cookie properties was made up by compositing small 
quantities of flour milled on the Buhler experimental mill. It con¬ 
sisted of a composite of many samples of the better cookie baking 
varieties grown in 1944. Micro method I previously described in a 
companion paper (1) was used for baking cookies, except that shorten¬ 
ing content was varied from 25% to 35%, sugar from 50% to 80%, 
and ammonium bicarbonate from 0 to 3.75%. 

Six flours were used in studies on the response of typical wheat 
flours to varying quantities of ammonium bicarbonate. They were 
experimentally milled from six wheat varieties, each of which was a 
composite of grain grown at widely different locations in the eastern 
states in 1943 and 1944. The varieties consisted of four soft red 
winters, Thorne, Trumbull, Wabash, and Kawvale, the latter being 
generally considered of poor soft wheat quality; one soft white winter, 
American Banner; and one hard red winter, Purkof. Micro method I 
with the fixed sugar/shortening ratio of 60/30 was employed for baking 
cookies from these varieties. The amount of ammonium bicarbonate 
was varied from 0 to 3.75%. 

Baking was carried out at 400®F. for 9 to 10 minutes, depending on 
the amount of spreading. Diameter (D) was measured on all cookies. 
Thickness (T) and spread factor (D/T) were determined on all cookies 
excepting certain of them containing high sugar contents in combina¬ 
tion with high ammonium bicarbonate levels. Along the rims of these 
latter cookies there was usually a ridge that interfered with making 
thickness measurements. These cookies also became brittle shortly 
after cooling, and were not considered to be palatable. 

Results 

Effect of Varying Quantities of Sugar^ Shortenings and Ammonium 
Bicarbonate. Cookie baking data obtained in the studies with varying 
amounts of sugar, shortening, and ammonium bicarbonate, using the 
cookie standard flour, are summarized in Table I and presented graphi¬ 
cally or photographically in Figs. 1 to 5. 
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TABLE I 

Diameter, Thickness, and Spread Factor of Cookies Baked with 
Varying Sugar/Shortening Ratios at Each of Several 
Ammonium Bicarbonate Levels 


NH 4 HC 03 

Diam¬ 

eter 

(D) 

Thick¬ 

ness 

IT) 

D/T 

Diam¬ 

eter 

fD) 

Thick¬ 

ness 

(T) 

D/T 

Diam¬ 

eter 

(D) 

Thick¬ 

ness 

IT) 

D/T 

Diam¬ 

eter 

(D) 

Thick 

ness 

(T) 

D/T 


cm. 

cm. 


cm. 

cm. 


cm. 

cm. 


cm. 

cm. 



50/301 

55/30 

60/25 

60/30 

0.00 

7.81 


7.8 

7.92 


8.3 

8.18 

0.90 

9.2 

8.14 

0.85 

9.7 

0.25 

7.84 

.98 

8.1 


.88 

9.4 

8.34 

.87 

9.7 

8.35 

.82 

10.3 

0.75 

8.05 

.91 

8.9 

8.43 

.81 

10.5 

8.67 

.78 

11.1 

8.59 

.77 

11.2 

1.25 

8.42 

.83 

10.2 

8.85 

.74 


9.13 

.72 

12.8 

8.94 

.71 

12.7 

1.75 

8.79 

.79 

11.2 

9.30 

.68 

13.7 

9.74 

.65 

15.2 

9.34 

.67 

14.1 

2.25 

8.95 

.80 

11.3 

9.56 

.63 

15.4 

10.13 

.58 

17.7 

9.87 

.58 

17.3 

2.75 

9.32 

.74 

12.7 

9.96 

.55 

18.1 

10.34 

— 

— 

10.12 

.54 

18.9 

3.25 

9.76 

.65 

15.1 

10.08 

.53 

19.1 

10.49 

— 

— 

10.46 

.53 

20.0 


60(35 

65/25 

65/30 

65/35 

0.00 

8.39 


10.7 

8.27 

0.89 

9.4 

8.47 



8.46 

0.82 

m 

0.25 

8.69 

.72 

12.2 

8.44 

.80 

mSm 

8.66 

.76 

11.4 

8.66 

.76 


0.75 

8.89 

.70 

12.8 

8.92 

.72 

12.6 

9.01 

.66 

13.7 

8.83 

■fEI 


1.25 

9.28 


15.0 

9.35 

.63 

14.9 

9.56 

.57 

17.1 

9.24 

HiwI 

mM 

1.75 

9.66 

.57 

17.1 

9.83 

.56 

17.6 

9.96 

.54 

18.6 

9.69 

.58 


2.25 


.52 

19.7 


— 

— 

imam 

— 

— 

IEEE! 

.53 


2.75 


,52 

19.5 

IbKil 

— 

— 

10.64 

— 

— 

10.29 

— 


3.25 


.52 


10.62 

— 

— 


— 

— 

10.75 

— 

B 


70/25 

70/30 

70/35 

75/302 


80/302 

0.00 

8.53 


11.1 

8.72 

0.74 

11.9 

8.71 

0.73 

12.1 

8.88 


9.03 

0.25 

8.80 

.71 

12.4 

8.78 

.75 

11.7 

8.92 

.65 

13.8 

8.90 


9.18 

0.75 

9.46 

— 

— 

9.18 


14.2 

9.10 

— 

— 

9.34 


9.62 

1.25 

9.95 

— 

— 

9.52 

— 

— 

9.50 

— 

— 

mm 


10.29 

1.75 


— 

— 

9.92 

— 

— 

9.89 

— 

— 

10.21 


10.60 

2.25 

ictJWil 

— 

— 

10.39 

— 

— 

igigwi] 

— 

— 

10.67 



2.75 

— 

— 

— 

10.65 

— 

— 

— 

— 

— 

10.86 


— 

3.25 





— 

— 

— 

— 

— 

10.95 


— 


1 Ratio of sugar (%) to shortening (%). 

2 Diameters only were recorded because of ridges on tlie rim of each cookie. 


The effects on cookie diameter of varying the shortening content 
at each of several ammonium bicarbonate levels are illustrated graphi¬ 
cally in Fig. 1. Each point in Fig. 1 is the average of the data for all 
three sugar levels (Table I). Ammonium bicarbonate produced 
marked increases in cookie diameter whereas shortening had very little 
effect. Certmn properties of the top grain (Fig. 2), however, are 
influenced by the ratio of shortening to sugar. For example, 25% 
shortening with 60% sugar resulted in well-defined top grains with a 
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rather undesirably hard and lean appearance. Increasing the short¬ 
ening to 30% with 60% sugar resulted in cookies that had equally good 
top grains and were desirably softer and richer in appearance. When 
the shortening was increased to 35% with 60% sugar, dull and ex¬ 
tremely soft appearing cookies with inferior top grains were obtained. 
Thus with 60% sugar in the formula, 30% shortening was preferable. 

Increasing the sugar to 65% and 70% at the 25% shortening level 
resulted in top grains that were hard in appearance and more open 
than those with 60% sugar. These top grains for 65% and 70% 
sugar became closer and softer appearing, in general, as the shortening 
was increased. 


10.5 

E 10.0 

u 

1 

tc 

UJ 

£ 

< 

o 

UJ 9.0 

2 
o 
o 

8.5 

8.0 


Fij?. 1. ICffcct oil cookie diameter of varying the shortening content from 25% 
to 35% at each of several ammonium bicarbonate levels. 
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When increased diameter and openness of top grain accompanying 
increases of ammonium bicarbonate are taken into account, equally 
good cookies were obtained with 30% shortening for all three sugar 
levels; whereas, the general appearance of the cookies containing 25% 
shortening was short of that desired. These observations together 
with the unsatisfactory top grains for 35% shortening with 60% sugar, 
and the necessity of increasing the quantity of sugar to overcome these 
undesirable top grains are factors that determined the choice of 30% 
shortening in all subsequent studies. 

The effect on cookie diameter of varying quantities of ammonium 
bicarbonate and sugar in combination with a fixed shortening content 
of 30% is illustrated graphically in Fig. 3. Correlation coefficients 
and regression equations for the lines showing the relation between 
cookie diameter and quantity of ammonium bicarbonate within each 




Ratio of Sugar {%) to Shortening (%) 
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70/35 


70/30 


70/25 


65/35 


65/30 


65/25 


60/35 


60/30 


60/25 

0.00 0.25 0.75 1.25 1.75 

cAmmonium Bicarboaate—% 



Pig. 2. EfE^ect on cookie top grain of varying the ratio of sugar to 
shortening at each of several ammonium bicarbonate levels. 
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AMMONIUM BICARBONATE - % 


Fig. 3. Effect on cookie diameter of vary-ing Quantities of sugar and ammonium 
bicarbonate in combination with a fixed shortening content of ?0%. 

of seven sugar levels (50% to 80%) are given in Table II. Within 
each sugar level, the response to ammonium bicarbonate was linear 
over the range 0% to 2.25%. The average slope for all regression 
lines indicates that each ,5% increment of ammonium bicarbonate 
increased cookie diameter by 3.9 mm. 

As the concentration of sugar in the formula was increased from 
50% to 80% within each ammonium bicarbonate level, cookie diameter 
increased. Referring to the cookie diameters calculated for a con- 

TABLE II 

Correlation Coefficients and Regression Equations for Cookie 
Diameter and Ammonium Bicarbonate Content for Each 
OF Seven Sugar Levels at 30% Shortening 


Sugar content 

NIUIICOj 

levels 

(n) 

Corr. coeff. 

(r) 

Regression etiuation 

Calculated diam¬ 
eter at 0.75* t 
NH4HCO, 

(V) 

% 

SO 

6 

0.992^ 

O.S77X+7.715 

cm. 

8.15 

55 

6 

0.997 

0.791X+7.843 

8.44 

60 

6 

0.986 

0.738X+8.098 

8.65 

65 

6 

0.994 

0.8S2X+8.446 

9.08 

70 

6 

0.996 

’ 0.748X+8.638 

9.20 

75 

6 

0.992 

0.838X+8.777 

9.41 ' 

80 

5 

0.993 

0.9S9X+8.973 

9.69 


* All correlation coefficients are significant beyond tlie 0.1% point. 
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centration of 75% ammonium bicarbonate (Table II), a 30% increase 
m sugar increases diameter b^ 15 4 mm (96 9 mm minus 81 5 mm) 
and 1% results in an increase of 0 51 mm Thus an increase of 7 6% 
sugar (3 9 — 51) in the formula produces as much spreading as a 
0 5% increment of ammonium bicarbonate 


80 


7a 


70 


W® 

a fts 
3 


60 


55 


50 

000 0 25 0 75 1 25 1 75 

Ammonium Bicarbonate —% 

Fis 4 Top gram and relative diameter of representative cookieb contaimng 
var>mg quantities of sugar and ammomum bicarbonate 

The appearance of representative cookies containing varying quan- 
tities of sugar and ammonium bicarbonate is shown in Fig. 4. The 
effect of these two ingredients on top grain of cookies is of particular 
interest. The optimum top grains at or between the 1.25 and 1.75% 
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ammonium bicarbonate levels for the 55% sugar level are or would be 
(interpolating) slightly poorer than for higher sugar levels; and there 
is no satisfactory top grain for the 50% sugar level. These results sug¬ 
gest that 55% sugar is the minimum quantity that should be used in 
this cookie formula if satisfactory top grain is to be obtained. The 
cookie (Fig. 4) containing 60% sugar and 0.75% ammonium bicarbo¬ 
nate is one of the several examples of approximately optimum top grain. 
An optimum top grain for the 60% sugar level would be expected with 
about 1% ammonium bicarbonate. The cracks or valleys produced 
with 1.25% are considered to be too wide. 

As was true for diameter, the width of the cracks increases as am¬ 
monium bicarbonate increases within each sugar level, and as sugar 



AMMONIUM BICARBONATE - % 

Fij?. 5. Effect oi varying quantities ot ammonium bicarbonate 
on the cookie diameter of wheat varieties. 


content increases within each ammonium bicarbonate level. Thus, 
for the flour used in this phase of the work, a cookie with a diameter of 
about 8.8 cm. and a satisfactory top grain was produced with the 
formula containing 70% sugar and .25% ammonium bicarbonate (Figs. 
3 and 4). Interpolating in Fig. 3, a cookie with the same diameter and 
equally good top grain also can be produced with 10% less sugar pro¬ 
viding the ammonium bicarbonate is increased to 1%. Similarly a 
cookie with a diameter of about 9 cm and a desirable top grain was 
produced with 80% sugar and no ammonium bicarbonate. A cookie 
of equal diameter and top grain also was, produced with 15% less sugar 
when .75% ammonium bicarbonate was added. 

Response of Wheat Varieties to Varying Quantities of Ammonium 
Bicarbonate, Wheat flours from six varieties were baked into cookies 
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at each of several ammonium bicarbonate levels for the purpose (1) 
of testing further the formula containing 60% sugar and 30% shorten¬ 
ing, (2) of establishing the most satisfactory’ level of ammonium bi¬ 
carbonate to use in the baking formula, and (3) of determining whether 
there are varietal differences in ammonium bicarbonate requirement. 

TABLE III 

Diameter and Thickness of Cookies Baked from Six Wheat Varieties 
AT Each of Several Ammonium Bicarbonate Levels Together 
VTLTE. THE PH OF EaCH CoOKIE DoUGH 


NHiHCOi 

Diameter 

Thickness 

pH 

Diameter 

Thicknes** 

pH 

% 

cm . 

cm . 


cm . 

cm 



PURKOF 

WABASH 


7.54 

1.05 


8.29 


7.24 

0.25 

7.67 


7.61 

8.50 

.78 

7.50 


8.06 

.90 

7.61 

8.72 

.74 

7.60 

1.25 

8.29 

.84 

7.76 

9.13 

.68 

7.80 

1.75 

8.68 

.79 

7.85 

9.65 

.61 

7.77 

2.25 

9.10 

.73 

7.92 

10.01 

.56 

7.86 

2.75 

9.21 

.71 


10.63 

.48 

7.84 

3.25 

9.61 

.64 

7.92 

10.94 

.45 

7.91 

3.75 

9.71 

.60 

7.89 

■ii 

.45 

7.86 


K.UV\’ALE 

TRUMBULL 


7.70 

.94 

7.41 

8.05 

.88 

7.19 

0.25 

7.87 

.92 

7.55 

8.25 

.87 

7.49 

0.75 

8.29 

.86 

7.67 

8.59 

.79 

7.67 

1.25 

8.54 

.81 

7.77 

8.97 

.74 

7.68 

1.75 

8.99 

.73 

7.89 

9.37 

.67 

7.82 

2.25 

9.26 

.69 

7.90 


.60 

7.88 

2.75 

9.67 

.63 

7.87 

— 

— 

— 

3.25 

10.01 

.52 

7.81 

— 

— 

— 


THORNE 

AM. BANNER 

0.00 

8.27 

.86 

7.33 

8.12 

.87 

7.27 

0.25 

8.32 

.84 

7.39 

8.30 

.83 

7.55 

0.75 

8.69 

.77 

7.68 

8.70 

.79 

7.65 

1.25 


.72 

7.81 

9.08 

.71 

7.82 

1.75 

9.51 

.65 

7.89 

9.43 

.64 

7.80 

2.25 

9.97 

.59 

7.93 

9.90 


7.88 


These studies were concerned with the characterization and evaluation 
of flours recognized as having markedly different properties that make 
them of variable value for th^ production of soft wh^t bakery pro¬ 
ducts. The results are summarized in Table III and presented 
graphically or photographically in Figs. 5, 6, and 7, Correlation 
coefficients and regression equations for the lines showing the relation 
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Fig 6. Effect of varying Quantities of ammonium buarboiute 
on the cookie spread tactoi (D/T) of wheat varieties* 
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K!aw'\ alt 
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Wabash 


Fig 7 Effect of var> mg quantities of ammonium bicarbonate on the top gram and relati\ c diam¬ 
eter of cookies baked from Purkof, I^wvale, Trumbull, Thome Amencan Banner and Wabash 
wheats 
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between cookie diameter and ammonium bicarbonate with each of the 
six varieties are given in Table IV. 

Data in Fig. 5 and correlation coefficients in Table IV show that 
cookie diameter within a variety is a linear function of the quantity of 
ammonium bicarbonate used. These data and conclusions are in 
agreement with those obtained for the ^'cookie standard” flour. For 
spread factor the relationship is curvilinear (Fig. 6), the result of 
dividing an increasing number by one that is decreasing. These data 
indicate that in the routine characterization and evaluation of experi¬ 
mental and commercial varieties of wheat, the concentration of am¬ 
monium bicarbonate used in the formula is not critical. It was ob¬ 
served, however, that contraction during cooling of the cookies con¬ 
taining the higher bicarbonate concentrations was not as consistent as 
for the lower concentrations, thereby causing surface irregularities 
that introduced errors in measuring thickness. 

TABLE IV 

Correlation Coefficients and Regression Equations for Cookie 
Diameter and Ammonium Bicarbonate Content for 
Each of Six Varieties of Wheat 


\'’anet> 


NliaiCOa 
le\ els 
^n) 


Corr coeff 
(r) 


Wabash 

Thome 

Am. Banner 

Trumbull 

Kawvale 

Purkof 



Calculated diam- 

Regres^on equation eter at 0.75% 

\ - NH4HCOi 


0.772X+8.246 

0.771X-1-8.163 

0.781X4-8.103 

0.720X+8.100 

0.706X4-7.714 

0.688X4-7.517 



^ All correlation coefficients are significant beyond the 0 1 % point 


The extent to which the six varieties differ as to the quantity of 
ammonium bicarbonate required to produce cookies of equal diameter 
or spread factor is strikingly illustrated in Figs. 5 and 6. For example 
in Fig. 5, a rule placed horizontally across the regression lines at a 
diameter of 9 cm. indicates that Wabash requires slightly more than 
0*75%, Thorne and American Banner slightly more than 1%, Trum¬ 
bull about 1.25%, Kawvale about 1.75%, and Purkof somewhat more 
than 2% ammonium bicarbonate to produce a cookie with a diameter 
of 9 cm. The quantities of ammonium bicarbonate required to pro¬ 
duce equally good top grains for all six varieties (Fig. 7) are in very 
close agreement with those ^required to give a diameter of 9 cm. (Fig. 
3 and Table III). Thus Purkof required about 170% more ammonium 
bicarbonate than did Wabash to produce a cookie of equal diameter 
and top grain. 
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Effect of Ammonium Bicarbonate Concentration on Dough pH. In 
order to determine whether there was a close relationship between the 
quantity of ammonium bicarbonate in the formula and the reaction of 
the cookie dough, the pH of each dough in the experiment discussed 
above was measured as it came out of the mixer. The results are 
summarized in Table HI. These data show that doughs without 
ammonium bicarbonate have a pH of about 7.3; increasing quantities 
of bicarbonate gradually increase the pH, until with 2.25% ammonium 
bicarbonate, a pH of about 7.9 is reached. Further additions of the 
base, however, have no effect on the reaction. Thus the greater 
capacity of some varieties to spread with a fixed quantity of ammonium 
bicarbonate and the differences in bicarbonate requirement between 
varieties do not appear to be attributable to a pH effect. 

Discussion 

It appears that within reasonable limits, the proportions of sugar, 
shortening and ammonium bicarbonate are not critical in a cookie test 
baking formula from the standpoint of characterizing and differentiat¬ 
ing varieties. The important consideration is to choose a formula 
which will produce normal, well-shaped cookies from flours represent¬ 
ing a wide range of quality. Such a formula should produce cookies 
having large diameters, flat tops, and well developed cracks with flours 
from soft varieties, and cookies having much smaller diameters and a 
minimum of top grain from semihard to hard varieties. A formula 
containing 60% sugar, 30% shortening and 0.75% ammonium bi¬ 
carbonate met these requirements with the flours tested. 

Desirable diameters and top grains were obtained from flours gen¬ 
erally considered to be of poor cookie quality (Purkof and Kawvale) 
by increasing the ammonium bicarbonate in the formula. Equal 
diameters and as good or better top grains were produced from flours 
generally considered of good cookie quality with less sugar and the 
same concentration ol ammonium bicarbonate required b}" flours of 
poor and medium rookie quality. 
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MICRO VERSUS MACRO COOKIE BAKING PROCEDURES 
FOR EVALUATING THE COOKIE QUALITY 
OF WHEAT VARIETIES i 

K, F. Finney, V. H. Morris, and W. T. Yamazazi® 
ABSTRACT 

Cookie baking equipment and techniques suitable for evaluating the 
quality of 40 g. of flour are described. Cookie baking data for the “Tenta¬ 
tive A.A.C.C.’’ macro cookie test and three micro procedures indicate that 
all four methods are equally satisfactory for evaluating the cookie baking 
potentialities of wheat flours. With respect to the saving of time and 
ingredients, however, the micro procedures are markedly superior to the 
macro test from which they were derived. There is considerable latitude 
with respect to the type of mixing equipment that may be used for the prep¬ 
aration of cookie doughs, providing the mixing of the flour with the other 
creamed ingredients is held to a minimum. 


The cookie baking formula and procedure originally proposed by 
Alexander (1) was modified by the 1941-42 Biscuit and Cracker Flours 
Committee (3) and recommended for the evaluation of soft wheat 
flours. This and other collaborative studies have resulted in a recom¬ 
mended formula and procedure called the “Tentative Cookie Method.” 
The use of this test, however, in the quality research and variety char¬ 
acterization program of the Federal Soft Wheat Laboratory has been 
limited because of the relatively large quantity of flour required. 
Accordingly, it has been modified ^ and adapted to micro techniques 
for evaluating the cookie quality of small lots of flour obtained from 
strains developed in the wheat breeding programs. This paper de¬ 
scribes the equipment and techniques of these micro procedures, and 
compares them to the A.A.C.C. tentative procedure for evaluating 
typical varieties recognized for their divergent potentialities as cookie 
flours. 

Materials and Methods 

The flours used were experimentally milled on the Buhler mill from 
twelve named varieties of wheat, eadx of which was a composite of 


i Mpusciipt r^ved Septemb^ 30, 1949. Cooperative investigation between the Division of 
Cereal Crops aro Di^ases, Byttn of Plant Industry, Soils, and Agricultural Engineering, Aj^cultural 
Atoimstragon, U. S. Depart^nent of Agriculture, and Department of Agronomy, Ohio Agri¬ 
cultural Eacperiment Station. 

Chemist Jmuw 17, 1949), and Assistant Chemist, respectively. Division 
of Cereal Crops ^ P^seases. Federal Soft Wheat Laboratory, Wooster, Ohio. Present address of 
Wmter Wheat Quality Laboratory, Kansas Agricultural Experiment Station, 

* See »mpa^ mamiscript, "Efiects of varying quantities of sugar, shortening, and ammonium 
bicarbonate on the spreading and top grain of sugar-snap cookies.” 
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grain grown in the eastern uniform nurseries^ at eight stations in 1945. 
Two other flour composites were included, namely (1) a composite of 
all the variety composites and (2) a blend of flour from several good 
quality soft wheat varieties referred to as “cookie standard.” Pro¬ 
tein, ash, and cookie dough absorption of each flour is given in Table I. 

The formula and quantity of each ingredient used in the “Tentative 
A.A.C.C.” macro test and the three micro procedures are given in 
Table 11. 

For the Tentative A.A.C.C. macro procedure, nonfat milk solids 
were added as a 20% suspension, 33.75 ml. of which contained 6.75 g. 
of solids. When nonfat milk solids were added as a suspension in any 


TABLE I 

Protein, Ash, and Cookie Dough Absorption of 14 
Flours That Were Baked into Cookies^ 


Sample 

Protein 

.\sh 

Absorption 


I % 

% 

% 

Cookie standard 

9.8 

0.41 

21.5 

Clarkan 

9.2 

.42 

22.5 

Minturki 

8.8 

.42 

22.3 

Kawvale 

8.2 

.43 

22.5 

Kharkof 

8.9 

.43 

22.8 

American Banner 

8,1 

.42 

23.0 

Trumbull 

8.7 

.42 

22.8 

Purkof 

8.9 

.42 

22.8 

Fairfield 

7.9 

.42 

21.8 

Wabash 

8.7 

- .42 

22.5 

Blackhawk 

9.8 

.42 

21.8 

H. Q, X Kawvale 

9.4 

.42 

22.0 

Thorne 

9.0 

.42 

22.3 

Composite 

8.8 

.42 

22.3 


> on 14% moisture ba&is. 


of the micro procedures, 6 ml. containing 1.2 g. of solids were used. 
Whipping 120 g. of nonfat milk solids into 528 ml. of water gave 600 
ml. of the 20% suspension. Foam was removed by the vacuum pump 
method. 

A Hobart mixer (Model C-10 equipped with a cake paddle and a 
3-quart bowl) was used for all creaming and mixing operations in the 
tentative A.A.C.C. macro procedure. The Hobart mixer also was 
used in the micro procedures for preparing in one operation all of the 
first stage of creamed material required for one day of baking. The 
remaining creaming and mixing involved in the micro methods was 
carried out in a National-Swanson-Working nonrecording micromixer 
modified to give a head speed of 178 rpm, and to use a flanged and 
deeper bowl with a capacity of 25 g. to 50 g. of flour (Fig. 1). 

* The grain for these studies was obtained from tests conducted in cooperation with the several 
State agricultural experiment stations in the Eastern United States. 
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];< ig 1 Mixer tray rolling pm and cutter used with the micro cookie procedures 


The cookie cutter was made from stainless steel tubing having an 
inside diameter of 2 13/32 inches and thickness of 3/64 inch (18 gauge), 
was IJ^ inches in height, and was tapered from the outside inward on 
one end to give a sharp and rigid cutting edge The trays were sheet 
aluminum 13 inches X 10 inches X .094 inch thick with riders .275 
inch high and .5 inch wide running lengthwise along both sides and 
attached with brass screws which were countersunk on the bottom side 
of the tra>. The pieces of equipment that were modified or con- 


TABLE II 

Formulae for the A A. C C Macro and the Three 
Micro Cookie Baking Procedures 


Ingredient 

Cookie method 

Flour b ISIS 

'V \ C C m'lcro 

Micro I 11 and in 


^ratns 


% 

Sugar 

135 00 

24 00 

60 00 

Shortening ^ 

67 50 

12 00 

30 00 

NaHCOs 

2 25 

0 40 

100 

NH4HCO8 

1 69 

0 30 

0 75 

Nonfat milk sohds 

6 75 

1 20 

3 00 

NaCl 

2.25 

0 40 

1.00 

Water 

optimum 

optimum 

optimum 

Flour* 

225 00 

40 00 

100 00 


I Hydrogenated \egetable shortening especially prepared lor biscuit and cracker manufacturmg 
14% moisture 
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structed especially for the micro cookie procedures are shown photo¬ 
graphically in Fig. 1. 

Diameter (D) and thickness (T) were measured in millimeters and 
D/T was calculated for all cookies. Using a series of especially pre¬ 
pared cookies as reference standards, top grain was scored on the basis 
of 0 for a compact, hard-appearing cookie with no breaks, to 5 for a 
well-broken top containing numerous small ‘'islands” characteristic 
of cookies baked from good quality cookie flours. 

Macro Method, The tentative A.A.C.C. formula was modified 
slightly to conform with that used in the micro procedures, but in other 
respects the "macro” test as used in this study corresponds closely in 
important details to the Tentative A.A.C.C. test. 

Sugar, shortening, and sodium bicarbonate were creamed for three 
minutes in a Hobart mixer on second speed, cutting down after each 
minute. Sodium chloride and ammonium bicarbonate were dissolved 
in the milk suspension and water in a 100 ml. beaker, after which the 
contents were added to the creamed mixture during mixing at low 
speed for one minute. Flour was incorporated by mixing for two 
minutes at low speed. After mixing, the dough was removed from the 
bowl with a spatula, care being taken to handle and compress the 
dough as little as possible. Doughs were spaced on trays, rolled 
once, and cut. That outside the stainless steel cutter was removed 
with a spatula before raising the cutter. Baking was carried out 
immediately for 10 minutes at 400®F. in a reel type oven. 

Micro Method /. The first micro modification of the macro pro¬ 
cedure involved the preparation of a sufficient quantity of sugar- 
shortening-sodium bicarbonate mixture for one day of baking by 
creaming 900 g. sugar, 450 g. shortening, and 15 g. sodium bicarbonate 
in the Hobart mixer for 4 minutes at high speed, scraping down at each 
half-minute interval. This creamed mass was sufficient for 37 weigh¬ 
ings of 36.4 g. each on small squares of waxed paper. 

Each cookie dough was prepared as follows: one 36.4 g. portion of 
the creamed mass of sugar, shortening, and sodium bicarbonate was 
transferred by means of a spatula to the micromixer bowl. The de¬ 
sired quantity of ammonium bicarbonate (.3 g.) was dissolved in 6 ml. 
of the milk suspension in a 10 ml. beaker, after which the contents were 
added to the bowl. The beaker was rinsed first with 2 ml. of sodium 
chloride solution containing 0.4 g. of salt and finally with 1.8 ml. to 
3.3 ml. of water, depending on the requirement of the flour being tested. 
After creaming these liquids containing nonfat milk solids and sodium 
chloride for three minutes with the sugar-shortening-sodium bicarbon¬ 
ate creamed mixture, the flour was cut in with a spatula and then 
mixed for 10, 5, 5, and 5 seconds. The dough was dislodged with a 
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spatula from the bottom and sides of the bowl after each interval. 
After mixing, the dough was removed from the bowl and divided into 
two approximately equal parts with the aid of a spatula, care being 
taken to handle and compress the dough as little as possible. After 
spacing on a tray, the two doughs were rolled once with a wooden rolling 
pin and cut with a stainless steel cutter, dough outside the cutter being 
removed with a spatula before raising the cutter. Baking was carried 
out immediately for 10 minutes at 400®F. in a reel type oven. 

Micro Method II. The second micro method differed from the 
first in that 15 g. of finely granulated sodium chloride and 45 g. of 
powered nonfat milk solids were creamed with the sugar, shortening, 


TABLE III 

Properties of Cookies Baked from 14 Wheat Varieties 
BY A Macro and Three Micro Procedures 


Sample 

Diam¬ 

eter 

Thick¬ 

ness 

D/T 

Top 

gram 

Diam¬ 

eter 

Thick¬ 

ness 

D/T 

Top 

gram 


cm. 

cm. 



itn. 

cm. 




MACRO METHOD 

MICRO METHOD 

I 

Standard 

8.92 

0.74 

liiH 

4 

8.84 

0.77 

11.49 

5 

Blackhawk 

8.80 

.79 


3 

8.70 

.84 

10.34 

5 

Wabash 

8.72 

.81 

mlfinim 

4 

8.58 

.84 

10.24 

5 

Harvest Queen X Kawvale 

8.70 

.78 

11.11 

3 

8.54 

.84 

10.16 

4.5 

Fairfield 

8.65 

.81 

10.66 

3.5 

8.45 

.84 

10.23 

4.5 

Thome 

8.62 

,84 

10.30 

4 

8.52 

.84 

10.20 

4.5 

American Banner 

8.61 

.84 

10.28 

4 

8.43 

,87 

9.66 

4 

Kawvale 

8.52 

.85 

9.98 

3 

8.20 

.91 

9.06 

4 

Clarkan 

8.50 

.86 

9.99 

2 

8.28 

.88 

9.43 

3.5 

Composite 

8.48 

.85 

10.00 

2.5 

8.43 

.90 

9.39 

4 

Minturki 

8.45 

.87 

9.71 

2.5 

8.21 

.89 

9.23 

3.5 

Trumbull 

8.31 

.89 

9.34 

3 

8.10 

.95 

8.55 

3 

Kharkof 

8.17 

.94 

8.75 

1 


1.00 

7.83 

2.5 

Purkof 

8.01 

.96 

8.38 

1 



7.57 

2.5 


MICRO METHOD II 

MICRO METHOD III 

Standard 

8.90 

0.80 

11.07 

5 

8.79 

0.76 

11.72 

4.5 

Blackhawk 

8.70 

.83 

10.23 

5 

8.72 

.82 

11.14 

5 

Wabash 

8.69 

.85 

10.27 

4.5 

8.63 

.83 

10.74 

5 

Harvest Queen X Kawvale 

8.50 

.86 

9.92 

4.5 

8.50 

.84 

10.32 

4.5 

Fairfield 

8.45 

.87 

9.72 

4.5 

8.48 

.86 

9.92 

4.5 

Thome 

8.49 

.88 

9.70 

4.5 

8.39 

.86 

9.82 

5 

American Banner 

8.36 

.89 

9.45 

4.5 

8.40 

.87 

9.75 

4 

Kawvale 

8.22 

.91 

9.05 

4.5 

8.34 

.87 

9.73 

3.5 

Clarkan 

8.28 

.91 

9.08 

4 

8.35 

.89 

9.53 

4 

Compo^te 

8.37 

.91 

9.27 

4.5 

8.22 

.87 

9.42 

3 

Minturki 

8.34 

.90 

9.23 

4 

8.29 

.89 

9.5S 

3.5 

TrumbuU 

8,22 

.95 

8.63 

3.S 

8.17 

.93 

8.93 

4 

Kharkof 

7.95 

1.00 

7.99 

3 

7.90 

.97 

8.27 

2.5 

Purkof 

7.76 

1,03 


m 

7.72 



2 
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Kawvale 


Kharkof 


t 

Blackhawk 


t al. t 

Mmturk' Cookie Std 


Fig. 2a Top grains and relative diameters for cookies baked from six pure varieties and a 
composite cookie standard by a macro and 3 micro proceoures 


rm 


Micro J 


II 


I 


Macro 


Fig 2b 



t.axL™,. t 

I home “ 


iwvale 

FairiSeld 


t 

Purkof 


Wabash 


t 

Trumbull 


Composite 


Top grams and relative diameters tor cookies baked from si\ pure varieties 
and a composite by a macro and three micro procedures 


and sodium bicarbonate. A 38 g. weighing of this creamed mixture 
was creamed for three minutes with 9 to 10.5 ml. of water in which the 
.3 g. of ammonium bicarbonate was dissolved. The remaining pro¬ 
cedures were carried out as described for Micro Method I. 

Micro Method III. The third micro method differed from the 
second in the manner of adding the ammonium bicarbonate and 
sodium chloride. Since small quantities of ammonium bicarbonate 
affect cookie spreading (2), and ammonium bicarbonate in the form of 
dry salt or in solution decomposes appreciably at room temperature. 
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the ammonium and bicarbonate ions were added as two separate solu¬ 
tions. Solution A contained 127.68 g. sodium bicarbonate in 2000 ml. 
Solution B contained 13S.S3 g. ammonium chloride and 118.47 g. 
sodium chloride in 2000 ml. Five ml. solution A plus 3 ml. solution B 
furnished .3 g. ammonium bicarbonate and .4 g. sodium chloride. 

Sugar 900 g., shortening 450 g., sodium bicarbonate 15 g. and non¬ 
fat milk solids 45 g. were creamed together in a Hobart mixer as de- 



VARIETY 

Fig. 3. Relative ranking according to cookie diameter of 12 pure varieties 
and two composites by a macro and three micro procedures. 

scribed for Micro Method I. A 37.6 g. portion of this creamed mixture 
was creamed with S ml. solution A, 3 ml. solution B, and .8 to 2.3 ml. 
water in the micro mixer for three minutes at 178 rpm. Solutions A 
and B were dispensed from automatic pipettes and the water from a 
burette. The remaining procedures were as described for Micro 
Method I. 

Results 

Cookie diameter (D), thickness (T), and spread factor (D/T) 
obtained for each of the 14 flours by the four cookie baking methods 
are summarized in Table III. 
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Representative cookies are reproduced photographically in Fig. 2 
(a and b). The relative ranking of the 12 pure varieties and two com¬ 
posites by the four methods according to diameter are shown graphi¬ 
cally in Fig. 3. Diameter instead of D/T was plotted against variety 
because data obtained in the laboratory indicated a comparatively 
large variability in thickness measurements for replicate cookie bakes 
which checked closely in diameter. Since D/T values are a function 
of thickness as well as diameter, it was believed that a more accurate 
and reproducible characterization of cookies could be obtained by 
using diameter alone. 

The data show that the micro methods agree closely with the macro 
procedure in ranking the varieties. Micro Method III, now used in 
routine baking by the Federal Soft Wheat Laboratory, appears to agree 
somewhat more closely with the macro method than the other two 
micro methods in ranking the varieties. It may be noted that al¬ 
though the cookies baked by the macro method generaly spread some¬ 
what more than those baked by micro procedures, the latter neverthe¬ 
less showed a greater range in cookie diameters. 

These results indicate that there is considerable flexibility in the 
way in which cookie doughs may be mixed without appreciably affect¬ 
ing either the rank of or spread between varieties. Furthermore, it 
appears to make little difference in variety evaluation work whether 
the flour is mixed in at low speed with a cake paddle or at high speed 
with pins in the planetaries and bowl, as for bread doughs, as long as 
the total amount of mixing action is kept at a minimum. 
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THE NUTRITIONAL VALUE OF WHITE BREAD 
CONTAINING NONVIABLE DRIED YEASTS 

R. D. Seeley, H. F. Ziegler, Jr., and R. J. Sumner ^ 
ABSTRACT 

The nutritive value of white breads containing 1 to 3% dried, non- 
viable, debittered, brewers’ yeast and nonfat milk solids was studied in 
feeding tests for growth on weanling rats. Baked bread was the only 
ingredient in the diets except for a fat-soluble vitamin supplement. Bio¬ 
logical values were determined for some of the breads at the 10% protein 
level in rations supplemented with a salt and vitamin mixture. The feeding 
to weanling rats of white breads containing 1 and 3% dried yeast produced, 
respectively, increases in the daily weight gain of 0.34 g. and 0.66 g. above 
the gain produced with basic formula white bread. The weight gain of the 
rats receiving the white bread without dried yeast was 0.55 g. per day. The 
food utilization of the breads baked with 1 and 3% dried yeast was in¬ 
creased from 9.2 g. gain per 100 g. food intake for white bread without yeast 
to 12.3 and 14.7 g. gain, respectively. Similar increases were observed 
when white breads containing 1 and 3% nonfat milk solids plus dried yeast 
were fed to growing rats. Under the experimental conditions employed, 
dried yeast was a better supplement than nonfat milk solids since breads 
containing either 1% dried yeast or 3% nonfat milk solids were approxi¬ 
mately equal in promoting growth of weanling rats when fed as the only 
source of food. However, the largest weight gains were observed when the 
bread contained both nonfat milk solids and dried yeast. 

The inclusion of dried yeast in white bread did not produce any marked 
increase in the biological value of the bread proteins as measured by a 
nitrogen balance method. The small increases in the protein content of the 
breads containing dried yeast, and perhaps known or unknown members of 
the B complex in the yeast, appear to play a role in producing the increased 
growth response in rats. 

The relatively low nutritive value of patent white flour or bread 
made with patent white flour as compared to whole wheat flour has 
been demonstrated by many investigators (5,10, 15,16) and has been 
attributed primarily to a loss in vitamins and to a lower biological 
value of the protein in the flour. Riggs et al. (17) observed that the 
“enrichment” of white flour in bread causes only a slight improvement 
in the growth response of rats. Westerman and Hall (23) found that 
the addition of caldum pantothenate and pyridoxine increases the 
growth of rats on an “enriched” white flour diet. Mitchell and 
Block (14) state that the limiting essential amino acid of white flour is 

1 Manuscri^ received August 12, 1949. 

* Research Division, Anheuser-Busch, Inc., St. Louis, MissourL 

SO 
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lysine. Valine has also been reported as a limiting essential amino 
acid (12). Light and Frey (12) report that the supplementary value 
of nonfat milk solids and nonviable dried yeast to white bread is 
primarily due to this lysine content. Sure (19, 20, 21), in an extensive 
series of studies on the supplementation of cereal grains, observed 
that rats fed ‘‘enriched*' white flour supplemented with 1 to 5% non¬ 
viable dried yeast exhibited large increases in weight gain and food 
utilization as compared to those fed unsupplemented “enriched" 
white flour. These increases were not entirely accounted for by the 
lysine content of the yeast. The diets employed by Sure contained 
adequate amounts of eight crystalline B-vitamins. However, the 
supplementary value of dried yeast for white flour was not determined 
in the presence of nonfat milk solids or in baked bread. 

The following study was undertaken to determine the nutritive 
value of white breads containing 1 and 3% nonviable, dried, debittered 
brewers’ yeast, as measured by rat growth when the breads were the 
sole ingredient in the diet except for a fat-soluble vitamin supplement. 
As most bread in this country is baked with nonfat milk solids, the 
growth response of rats fed bread containing dried yeast was studied 
in the presence and absence of this ingredient. Biological values 
measured by the nitrogen balance method in growing rats were con¬ 
ducted to determine the effect of these ingredients on the utilization 
of the protein of white bread. 

Materials and Methods 

The bread used in these experiments was made by the sponge 
dough process, using 72% extraction flour according to the basic bread 
formula given in Table I. The dried yeast and nonfat milk solids ® 

TABLE I 

Basic Bread Formula 


Inffrcdiout 

Parts 

Flour 

100.0 

Water 

62.0 

Sugar 

Salt 

6.0 

2.0 

Hydrogenated Shortening 

Baker’s Compressed Yeast 

3.0 

2.0 

Mineral Yeast Food 

0.5 

Diastatic Dri-Malt 

0.5 


were added at the dough stage, the percentages shown being based on 
the flour content. The dried yeast employed in these studies was a 
nonviable, debittered, brewers' yeast.^ The bread was sliced, air- 


» spray-dried, nonfat milk solids from the Pevely Dairy Co., St. Louis, Missouri, 
* Strain K, Anheuser-Busch, Inc., St. Louis, Missouri. 
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dried, and ground before being fed to the animals. Groups of eight 
weanling rats (4 males and 4 females) weighing between 45 and 55 g. 
were fed the various breads as the only ingredient in the diets, ad 
libitum, except for a fat-soluble vitamin supplement, for a 10-week 
growth period. Each rat received 800 units of vitamin A, 160 units 
of vitamin D, and 6 mg. of alpha-tocopherol per week. Weight gains 
and food consumption were recorded weekly. 

Biological values were determined at the 10% protein level on some 
of the breads fed to growing rats, using the nitrogen balance technique 
of Mitchell (13). The diets and vitamin supplements used are 
recorded in Table II. Nitrogen content of the urine and feces was 
determined by a micro-Kjeldahl method. 

The breads were analyzed for thiamin by the method of Hennessy 
and Cerecedo (8), for riboflavin by the method of Tobin and Rehm (22), 

T\BLE II 

Brla.d DiLrs I OR Biological Value Determinations* 


White Bread (Dried) 

81.2 

Sucrose 

3.8 

Salt ]\Iixture 

4.0 

Cellu Flour 

2.0 

Crisco 

9.0 


100.0 


* iolIo^\ing cr\stalline \itamms •were added per 1 000 g of diet 5 mg thiamm hydrochloride 
10 mg nDona\ in 5 mg pj ndoxine h> drochloride 50 mg calcium pantothenate. 20 mg niacin. 1 000 
mg choline chloride 400 mg inositol and 50 mg p-amino ben/oic acid 
Wesson s modihed Osborne Mendel salt mixture 


for niacin by the microbiological technique of Landy and Dicken (11), 
for pantothenic acid by the method of Strong, Feeney and Earle (18), 
and for pyridoxine by the procedure of Atkin, Schultz, Williams, and 
Frey (1). Total nitrogen, ash, moisture, calcium and phosphorus 
were also determined on the air-dried bread. 

Results 

The growth response of weanling rats fed “enriched” white bread 
and breads baked with and without 1 and 3% nonviable, debittered, 
brewers’ yeast and/or 1 and 3% nonfat milk solids is shown in Fig. 1. 
Over a ten-week period the rats on basic-formula white bread (curve 
with open squares) gained only 40 grams. Small increases in growth 
response were produced by “enriched” ® white bread and the addition 
of 1% milk solids. One per cent dried yeast in white bread produced 
a weight gmn of 68 g. over ten weeks, which was slightly greater than 
the weight gain of rats fed bread containing 3% of nonfat milk solids. 


® Ennchcd with thiamin nboflavin, niacin, and iron in accordance with flour standards (6). 
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Bread containing 3% dried yeast caused a weight gain of 92 g. over a 
ten-week period. The addition of dried yeast to white breads con¬ 
taining 1 and 3% of nonfat milk solids produced significantly greater 
weight gains in rats than bread containing only nonfat milk solids. 
The greatest growth (110 g.) was produced by bread containing 3% 
nonfat milk solids and 3% nonviable, debittered brewers' yeast (curve 
with open circles). 



The feeding of white breads containing nonfat milk solids and 
dried yeast results not only in increased weight gains as compared to 
those obtained with basic-formula white bread, but also in increased 
food consumption and food utilization. The food intakes, weight 
gains and food utilizations are recorded in Tables III and IV. These 
data were calculated for the usual six-week period. The food utiliza¬ 
tion of the various breads was not significantly different after a ten- 
week period. 
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TABLE III 

The Food Consumption, Weight Gain and Food Utilization 
OF Various Breads Fed to Rats 


T> pe of bread 

Food 
intake 
g /da> 

Gam m 
bod> 

V eight 
g /dav 

Increase' 
in bod> 
weight 
‘'0 

Puod utilization 

G gam per 
100 g bread 
intake 

Increase*" 

White Bread 

5.99 

0.55 

— 

9.2±0.6»'‘ 

— 

White Bread "Enriched” 

6.56 

0.72 

31 

11.0±0.7 

20 

White Bread-hl% Nonfat IVIilk Solids 

6.40 

0.72 

31 

11.2d=0.7 

22 

White Bread-f-3% Nonfat Milk Solids 

6.79 


53 

12.4=b0.6 

35 

White Bread-i-1% Dried Yeast 

7.28 


62 

12.2±0.5 

33 

White Bread+3% Dried Yeast 

8.22 

1.21 

120 

14.7d=0.8 

60 


Compared to Unsupplemented Whit e Bread 

** Mean deviation of the mean ■ ■ ■ 

\ n(n —1) 

The food consumption of the basic-formula white bread was 5.99 g. 
per day, which resulted in a weight gain of 0.55 g. per day and a food 
utilization of 9.2 g. gain per 100 g. food intake. The rats fed “en¬ 
riched** bread exhibited a daily weight gain of 0.72 g. and a food 
utilization of 11.0 g. White bread containing 1% nonfat milk solids 
produced the same results. The weight gain and food utilization of 
rats fed white bread containing 3% nonfat milk solids and white bread 
baked with 1% dried yeast were approximately equal. The weight 
gain and food utilization of rats fed white bread with 1% dried yeast 
were increased 0.34 and 3.0 g. per day, respectively, above the results 
with basic-formula white bread. The protein contents of the bread 
containing 3% nonfat milk solids and of the bread containing 1% dried 

TABLE IV 

The Food Consumption, Weight Gain, and Food Utilization 
OF Various Breads Fed to Rats 




Food 
intake 
g /day 

Gain in 

Increase’ 

Food utilization 

Type of bread 

1 

bod> 

weight 

g/day 

in bodv 
we^ht 

G gain per 
100 g bread 
intake 

Increase* 

% 

White Bread-1-3 ? 

5, Nonfat Milk Solids 

6.79 

0.84 

_ 

12.4=b0.6** 

— 

White Bread+3« 
li 

^ Nonfat Milk Solids 

5 Dried Yeast 

8.14 

1.24 

48 

15.2±0.2 

23 

White Bread-f3^ 

^ Nonfat Milk Solids 
§ Dried Yeast 

8.70 

1.64 

95 

18.9±0.4 

52 

White Bread-fl^ 
3^ 

% Nonfat Milk Solids 
Dried Yeast 

8.10 

1.36 

62 

16.8=h0.5 

35 


• Compared to 3% Nonfat Milk Solids Bread. 


** Mean deviation of the mean 

\«(n—I 
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yeast (Table VI) were almost identical (12.7 and 12.8%, respectively). 
The bread containing 3% dried yeast produced a still larger weight 
gain (1.21 g./day) and food utilization (14.7 g. gain per 100 g. of food 
intake). These data demonstrate that when white bread is fed, ad 
libitum, as the sole food source to the weanling rat on an equal per¬ 
centage basis, the addition of dried yeast is more efficient for growth 
than nonfat milk solids. 

As most commercial bread in the United States contains milk solids, 
the value of adding dried yeast to such bread was determined. The 
inclusion of 3% nonfat milk solids in bread is a “representative'* 
figure for this ingredient in commercial bread baking. These data 
are recorded in Table iV. The addition of 3% nonviable, debittered, 
dried brewers* yeast to bread containing 3% of nonfat milk solids 
produced a significant increase in food consumption of 1.91 g. per day 
and an increase in weight gain of 0.80 g. per day. Food utilization 


TABLE V 

Biological Values and Digestibilities of Various Breads 
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either alone or in combination did not produce any marked increase in 
the biological value of the proteins of the baked bread. The largest 
biological value of 54.1% for bread containing 3% of nonfat milk 
solids was not significantly greater (P == 0.25) ® than that for the while 
bread. For the number of animals used in these determinations, an 
increase of 4 in biological value would have to be obtained to be 
statistically significant (P = 0.05). Larger numbers of animals would 
be required to determine smaller differences in biological values of 
these breads. The average biological value of 51.7% for white bread 
made with flour of 72% extraction compares well with the value of 


TABLE VI 

Chemical Composition of Breads 


Type of bread 

Mois¬ 

ture 

% 

Total 

protein 

% 

Cal¬ 

cium 

% 

Phos¬ 

phorus 

% 

Ash 

% 

Thi¬ 

amine 

7/g. 

Ribo¬ 

flavin 

7/g. 

Niacin 

7/g. 

Panto¬ 

thenic 

acid 

7^g. 

Pyri- 

doxine 

7/g. 

White Bread 

White Bread 

7.91 

12.0 

0.10 

0.12 

2.55 


1.1 

12.1 

5.2 

0.6 

‘*Enridied’* 

While Bread 

7.91 

12.3 

0.10 

0.12 

2.54 

3.9 

2.6 

35.8 

5.2 

1.1 

+1% Milk Solids* 
White Bread 

7.78 

12.6 

0.14 

0.13 

2.61 

1.1 

1.1 

12.7 

5.5 


-1-3% Milk Solids* 
White Bread 

7.81 

12.7 

0.15 

0.14 

2.72 

1.1 

1.5 

11.0 

4.6 

1.1 

+1% Dried Yeast 
White Bread 

7.90 

12.8 


0.14 

2.61 

2.2 

1.1 

19.9 

6.3 

1.2 

4-3% Dried Yeast 
White Bread 
+3% Milk Solids* 

8.01 

13.4 

0.09 

0.17 

2.69 

4.1 

2.2 

25.6 

7.0 

2.1 

1 % Dried Yeast 
White Bread 

4-3% Milk Solids* 

8.43 

13.3 

0.17 

0.16 

2.68 


1.3 

19.8 

5.5 

0.9 

3% Dried Yeast 
White Bread 
•4-l% Milk Solids* 


13.9 

0.18 

0.18 

2.82 

3.5 

2.4 

22.7 

6.5 

2.1 

3% Dried Yeast 

7.93 

13.8 

0.12 

0.17 

2.54 

3.9 

1.7 i 

1 

26.4 

6.4 

1.6 


** Nonfat Milk Solids. 


51.2% reported by Henry and Kon (4) for white bread made with flour 
of 70% extraction. 

The digestibility of the protein of the white bread was decreased 
slightly by the addition of 3% dried yeast. The lowest digestibility 
of the protein of the breads studied was 88.1% for white bread con¬ 
taining 3% each of dried yeast and nonfat milk solids. The digesti¬ 
bility of the protein of the white bread made by the basic formula was 
92.0%. 

The increase in food utilization observed in the growing rats with 
dried yeast does not seem to be largely the result of amino acid supple- 

* Calculated by Fisher “t" values (7). 
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mentation. As these determinations were conducted on diets of equal 
protein content containing eight crystalline B-vitamins plus 2% of a 
salt mixture, the biological values represent protein utilization per se. 
It may be possible that when the breads are fed as the sole food source 
in the diet of the growing rat, the B-vitamins and other essential 
substances in the ration may not produce the same protein utilization 
as they do when measured under the conditions of the biological value 
determination. 

The chemical analyses of the breads for moisture, protein, mineral 
elements, and B-vitamins, as air-dried for the nutritional studies, are 
recorded in Table VI. The addition of nonfat milk solids and dried 
yeast produced increases in the protein content of about 1 to 2% on 
the air-dry basis of approximately 8% moisture. The addition of 
nonfat milk solids increased the calcium content, as would be expected. 
Yeast did not affect the calcium content, but produced small increases 
in the amount of phosphorus. 

Except for a slight increase of thiamin in the 3% dried yeast bread, 
the levels of thiamin, riboflavin, and niacin in the breads containing 
dried yeast or nonfat milk solids did not exceed ‘‘enriched*' white 
bread. The addition of dried yeast to the white bread produced small 
increases in the levels of pyridoxine and pantothenic acid. The 
growth response of the rats on white bread containing dried yeast 
cannot be attributed entirely to the small increase in the content of 
these two vitamins, as Sure (20) has reported that the addition of dried 
yeast to “enriched** white flour markedly improved the nutritive value 
in the presence of a supplement of eight synthetic B-vitamins in the 
diet. 

Discussion 

The inclusion of nonviable, debittered, dried brewers* yeast in 
white bread increased the nutritive value markedly, even in the pres¬ 
ence of 1 and 3% of nonfat milk solids, as measured by rat growth. 
The increased growth response may have resulted from (a) an increase 
in the biological value of the bread proteins, (b) an increase in the 
mineral content, (c) an increase in the vitamin content, (d) the higher 
protein content of the bread. 

Sure (21) reported that the increase in protein efficiency of “en¬ 
riched** white flour supplemented with 3 to 5% of dried yeast was 
greater than could be obtained with a quantity of lysine equal to the 
dried yeast in a diet containing a supplement of eight crystalline B 
vitamins. Sure did not add valine to his diets. In our determinations 
of the biological value of the various breads, the addition of either 
dried yeast or nonfat milk solids at the 3% level or lower did not 
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produce any significant increases in biological value. Henry et al. (9) 
in an excellent study on the biological value of white bread using the 
nitrogen balance method, observed that "the increase in biological 
value of the nitrogen of white bread caused by the addition of milk 
was slight." These authors further state that at these low levels of 
admixture (2 and 6% milk solids) there is no supplementary relation¬ 
ship between the milk and bread proteins. Although dried yeast 
contains 3.5% lysine (21) and is, therefore, an excellent source of this 
substance, the amounts of lysine and valine which it provides at the 
low level employed evidently were not enough to produce a large 
increase in the biological value of the bread proteins. 

An important mineral deficiency of white bread is calcium (9). 
The improved growth response obtained with the addition of nonfat 
milk solids may be partially the result of the calcium which it provides 
as reported by Henry et al. (9). In the case of white bread containing 
dried yeast there is no increase in calcium content of the bread. The 
possibility of other minerals from dried yeast having an effect on 
growth will require further investigation with various mineral mixtures 
included in the rat diets. 

The bread made with dried yeast did not contain larger amounts of 
thiamin, riboflavin or niacin than the "enriched" bread. Westerman 
and Hall (23) have observed that the addition of calcium pantothenate 
and pyridoxine improved the growth of rats on a B-complex-free, 20% 
casein diet plus "enriched" flour. However, Sure (20) observed that 
rat growth was improved by the inclusion of 1 to 3% dried yeast even 
in a ration containing an adequate supplement of 8 crystalline B 
vitamins. Cannon (4), using the rat repletion technique, observed 
that the addition of 3% dried yeast to a bread containing 2% of nonfat 
milk solids fed in a ration containing 6 crystalline B vitamins and a 
liver concentrate increased the nutritive value 20 to 33%, practically 
equalling whole wheat bread. Part of the increase in the growth 
response of rats fed white bread containing dried yeast under the 
conditions of the experiments employed is the result of an increased B 
vitamin content. However, as observed by Sure and by Cannon, the 
growth response may occur even in the presence of known B-complex 
supplements. 

The increased protein content of the breads containing dried yeast 
and nonfat milk solids undoubtedly is a factor in improving growth 
response of rats fed the various baked breads. The fraction of ingested 
protein utilized by the rat for maintenance declines as the protein 
intake increases (2). Thus, rats receiving breads of higher protein 
content or rats with an increased food consumption will have a greater 
fraction of protein available for growth. Food utilization will be 
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increased in a similetr manner. Mitchell observed that when paired- 
feeding experiments were conducted with rats, the difference between 
the nutritive values of ‘‘enriched'* bread and bread containing 6% 
nonfat milk solids was less than with ad libitum feeding, although the 
superiority of the milk bread was still evident. The protein contents 
of the diets were not equalized in these experiments. 

The increased growth response of rats fed white bread containing 
dried yeast is not primarily due to a large increase in the biological 
value, but appears to be the result of a higher vitamin and protein 
content which increases the food and protein consumption. Further 
experiments are in progress to determine the exact nature of the 
factors which produce the larger growth responses when white bread 
is supplemented with dried yeast. The white bread which contained 
both dried yeast and nonfat milk solids at the 3% level had the highest 
nutritive value, as measured by rat growth, in these studies. 
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PREPARATION OF WHEAT FLOUR PENTOSANS FOR 
USE IN RECONSTITUTED DOUGHS ^ 

J. W. Pence, Angeline H. Elder, and D. K. Mecham® 


ABSTRACT 

The separation of wheat-flour pentosans of satisfactorily low nitrogen 
content for baking tests was accomplished either by selective adsorption of 
the proteins of a heated, centrifuged flour extract on a suitable agent, or by 
precipitation of the proteins with the barium hydroxide-zinc sulfate reagent 
of Somogyi; dialysis then removed most of the remaining nitrogenous and 
carbohydrate impurities. The extracts were heated to destroy pentosanase 
activity. Yields were about 8 and 5 g. of pentosans per kg. of flour with the 
adsorption and the precipitation method respectively. The precipitation 
method gave a product of higher purity and of lower average molecular 
weight, although pentosans obtained with either method showed the chemi¬ 
cal characteristics noted by earlier workers, particularly gel formation upon 
oxidation. 

Under the conditions of this study, soluble pentosans had little effect 
on the baking performance of doughs reconstituted without the water- 
soluble fraction of flour, but the handling properties of the doughs them¬ 
selves were distinctly modified. The pentosans corrected to a large degree 
the slack softness, wet surface, and lack of normal stickiness shown by 
doughs reconstituted with only gluten and starch. Improvements in 
volume, grain and texture were small. 


The importance of water-soluble components in the bread-baking 
performance of flours from some wheat varieties was demonstrated 
by Finney (6), who separated the glutens, starches, and water-soluble 
fractions of flours and recombined them in the original proportion and 


i Manuscript received August 23, 1949. 
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in different proportions before baking them into bread. Among 
constituents known to be present in the water-soluble fraction of flour, 
the pentosans have been studied in some detail by Baker, Parker, and 
Mize (2); the observed formation of an irreversible gel upon treatment 
of pentosan solutions with certain oxidizing agents used as bread 
improvers suggested to these workers that soluble pentosans may 
have an important influence on dough properties. It seemed desirable, 
therefore, to determine more clearly the actual contribution of pento¬ 
sans to the baking behavior of a flour. To facilitate such studies, 
improved methods were developed for the preparation of pentosans 
in sufficient quantity for reconstitution baking. 

Methods and Materials 

Pentosans were determined routinely by the colorimetric method of 
Brown (3), which gave results in satisfactory agreement with those 
obtained by a furfural distillation method (1). The baking formula of 
Finney and Barmore (7), with optimal bromate, was used in con¬ 
junction with the A.A.C.C. Standard Baking Procedure (1), and mixing 
times were determined with the National Recording Mixograph.® 
Doughs were reconstituted with wet gluten by the method of Sand- 
stedt, Jolitz, and Blish (10), and the water-soluble fractions were 
prepared according to the recommendations of Finney (6). A single 
uniform lot of starch was used for all doughs. Glutens were stored in 
the frozen state, and water-soluble preparations were dried by lyo- 
philization. The flours used were straight-grade, unbleached flours 
experimentally milled from samples of pure varieties. One sample 
contained 13,1% protein (at 14% moisture) and was milled from 
Turkey wheat grown in Texas; the other was an 8.6% protein flour 
from Purkof, a semi-hard red winter wheat, grown in Indiana. 

Preparation of Pentosans, Various types of adsorbing agents were 
investigated for their selectivity toward the nitrogen-containing 
materials of flour extracts in an effort to separate the pentosans 
and proteins by a method which would give good yields of pentosans 
and allow recovery of proteins by elution. The agents used included 
Norite A, kaolin, bentonite, permutit, synthetic resins of the Amberlite 
type, and the activated clays marketed by the Filtrol Corporation.* 
Of these, Special Filtrol was found to be the most satisfactory from the 
standpoint of efficiency of protein adsorption, ease of handling, and 
inertness toward pentosans. Up to 90% of the non-dialyzable 
nitrogen of a flour extract could be removed by this agent, while 
the pentosan content was scarcely affected. However, no effective 
method of recovery of the adsorbed protein has been devised. 

* Mention of trade names of material and equipment does not constitute endorsement by the 
Department of Agriculture. 
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It was necessary to heat flour extracts to 90° to 9S°C, for 3 to 4 
minutes to prevent a rapid decrease in viscosity of the extracts. 
Although the heating caused precipitation of 30 to 50% of the total 
nitrogen of the extracts, the viscosity remained virtuall^^ unchanged. 
These observations suggested that pentosans were the main con¬ 
tributor to the viscosity of the extracts and that enzymatic action 
upon the pentosans was responsible for the viscosity changes observed. 
Baker, Parker, and Mize (2) had observed evidence of pentosanase 
activity in bran extracts, and Dr. Parker ^ informed us that subsequent 
work had shown the presence of a pentosanase in flour. Accordingly, 
the identity of the enzyme in the flour extracts was established by 
the viscosity-decreasing effects of the extracts upon solutions of 
purified pentosans. The adsorption agents failed to remove the 
pentosanase completely from solution. 

Another method of preparation of pentosans was developed from 
an investigation of the effect of protein-precipitating agents on the 
solubility of pentosans. Treatment of a flour extract with the barium 
hydroxide-zinc sulfate reagent of Somogyi (11) produced sparkling 
clear filtrates containing practically none of the original non-dialyzable 
nitrogen and about 60% of the original pentosans of the extract. 
This reagent also lowered the pentosanase activity of unheated extracts 
to almost insignificant levels. 

A more detailed description of the two methods for the isolation 
of soluble flour pentosans follows. Extracts were prepared by stirring 
a quantity of flour with four parts of the 0.1%, pH 6.8, phosphate 
buffer of Dill and Alsberg (5) for 30 minutes. After removal of the 
solids by centrifugation, the extract was heated to 90° to 9S°C. for 
3 to 4 minutes and cooled immediately. The precipitated material 
was removed by centrifugation. In the adsorption method, the 
supernatant was shaken or stirred for 30 minutes with five grams of 
Special Filtrol per 100 ml. of solution. For best results the pH for 
this step should be in the range of 5.5 to 6.0. Actually, the pH usually 
was found in this range after the addition of Filtrol to the extract. 
The Filtrol was then removed by centrifugation, and the supernatant 
dialyzed in Visking ® cellulose tubing against distilled water, concen¬ 
trated under vacuum below 40°C., and lyophilized. 

In the second method, one volume each of 0.3 N barium hydroxide 
and 5% zinc sulfate were added successively, with stirring, to 3 
volumes of the supernatant after heat treatment. The resulting 
solution should be neutral or only very slightly alkaline. The heavy, 
white precipitate was removed by filtration, and the filtrate was 
dialyzed, concentrated, and lyophilized as described above. 


* Personal communication. 
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Characterization of Pentosans, Typical preparations of pentosans 
obtained by the adsorption method contained 70 to 80% pentosans 
and 3 to 5% protein without further purification. About 8 g. of 
pentosans were obtained per kg. of flour. Barium-zinc preparations 
contained up to 90% pentosans and 2 to 3% protein; about 5 g. were 
obtained per kg. of flour. 

Preliminary ultracentrifuge examination of material prepared by 
the adsorption method showed two peaks of about equal area. The 
sedimentation constant of the sharper, more slowly moving boundary 
corresponded to a minimum molecular weight of about 15,000, dis¬ 
regarding corrections for asymmetry or hydration. A preparation by 
the barium-zinc method was single-boundaried without marked 
spreading, and therefore appeared to be a relatively homogeneous 
preparation. The observed sedimentation constant also corresponded 
to a minimum molecular weight of about 15,000. Osmotic pressure 
measurements by the method of Bull (4) on the same preparations 


TABLE I 

Comparison of the Effects of Pentosans and Complete Water-Soluble 
Fractions on Loaf Volumes of Reconstituted Doughs^ 



Turkey 

Purkof 


Average 
loat volume 

Standard 

deviation 

A\erage 
loaf volume 

Standard 

deviation 


cc. 

cc. 

cc. 

cc. 

Control (gluten plus starch) 

695 

13 

600 

19 

Control plus pentosans 

Control plus complete water-soluble 

715 

14 

665 

14 

fraction 

835 

18 

800 

7 


1 Gluten content of all doughs equivalent to that of 100 g. of dour at 12% protein. Pentosans 
and ^vater-soluble fraction added in ratio to gluten as found in original dour. 


gave average molecular weight values of approximately 22,000 for the 
barium-zinc preparation and approximately 39,000 for the Filtrol 
preparation. Apparently the barium-zinc reagent precipitated the 
larger pentosan particles as well as the proteins of a flour extract. 

The pentosans obtained by these methods were slowly soluble in 
water to form clear, viscous solutions. A purplish red color was 
obtained with iodine. Oxidizing agents produced gels which did not 
liquefy on standing and which were little affected by vigorous stirring. 

Baking Studies, Baking results obtained with reconstituted 
doughs prepared from the two flours are presented in Table I. 

These values show that the complete water-soluble fractions 
produced volume responses of 140 and 200 cc. for the Turkey and 
Purkof doughs, respectively, while the volume increases for the 
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pentosans were only 20 and 65 cc. The slight effect of the pentosans 
can be partially accounted for by the small amounts of water-soluble 
protein remaining in the pentosan preparations. Neither the source 
nor method of preparation of the pentosans had an effect on the 
results obtained. Doughs without added pentosans were soft and 
slack, were not sticky, and had a wet, shiny surface. The doughs to 
which pentosans only had been added were firm and dry, and sticky 
to a normal degree. The grain and texture of loaves baked with the 
Purkof gluten were slightly improved by pentosans, but loaves with 
Turkey gluten were unaffected. A small decrease in absorption was 
noted for doughs from both flours in the absence of pentosans. 



Fig. I. Scatter diagram showing relation between loaf volume and amounts of protein in water- 
solubles added to reconstituted doughs. The original flour contained 0.87 g. water-soluble protein 
per 100 g. The gluten content of all doughs was equivalent to that of 100 g. of flour at 12% protein. 

The small contribution of pentosans to loaf volume responses was 
also shown by use of a water-soluble fraction from which most of the 
proteins, but little of the pentosans and dialyzable constituents, had 
been removed by treatment with Special Filtrol. By the addition in 
varying amounts of treated or untreated fractions, reconstituted 
doughs were obtained which contained varied amounts and ratios of 
pentosans and water-soluble proteins. By this means a comparison of 
their relative effects on loaf volume was possible. The results ob¬ 
tained with Turkey flour fractions are presented in Figs. 1 and 2. 
Fig. 1 shows loaf volumes plotted against the amounts of protein 
contained in the added water-soluble material. The small dispersion 
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of points around the regression line emphasizes the highly significant 
correlation coefficient of + 0.98 which was obtained. A much lower 
order of correlation is obvious in Fig. 2, where the same loaf volume 
data are plotted against the amounts of pentosans contained in the 
added materials. The dispersion of points around the regression line 
is much greater, and the correlation coefficient is + 0.77. The 
nitrogenous constituents, therefore, appear to be responsible for the 
loaf-volume-increasing effects of the water-soluble fraction. However, 
the baking experiments described do not exclude the possibility that 
water-soluble proteins may require the presence of pentosans to 
produce their optimum effect. 



Fig. 2. Scatter diagram showing relation between loaf volume and amounts of pentosans in water- 
solubles added to reconstituted doughs. The original flour contained 0.81 g. soluble j^tosans per 
100 g The gluten content of all douglis was equivalent to that of 100 g. of flour at 12% protein. 


Discussion 

The marked effect of temperature on the viscosity of pentosan 
solutions, described by Baker and co-workers (2), may explain the 
failure of pentosans to affect materially the behavior of doughs in the 
oven. These workers found that a solution which was very viscous 
at room temperature became almost water-thin after being warmed 
to 65®C. Thus, firmness imparted by pentosans would be drastically 
lessened as the temperature of a dough increased during baking. 

The distinct modifying effects of soluble pentosans on the handling 
properties of reconstituted doughs were quite similar to those reported 
by Sandstedt, Jolitz, and Blish (10) for the small-granule fraction of 
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starch. Since Baker and co-workers (2) reported small-granule starch 
to contain up to 14% insoluble pentosans, it is possible that the effects 
of this starch fraction were due, in large part, to the insoluble pentosans. 
MacMasters and Hilbert (8) found only 4% pentosans in their prepara¬ 
tions of small-granule starch, but it has been suggested ® that pento- 
sanase activit>' during preparation may have been partly responsible 
for this low value. Ofelt (9) obtained small-granule starch fractions 
containing approximately 8% pentosans but observed no effect of 
either this starch or the total water-soluble fraction on dough-handling 
properties. In this regard, Sandstedt and coworkers found that their 
small-granule starch fraction not only modified dough-handling prop¬ 
erties but also decreased loaf volume and improved grain and texture. 
The divergency of all these results clearly indicates that a more 
extensive study is required to determine the importance of pentosans 
and small granule starch in the baking performance of flours of all 
types. 
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THE PROTEIN, NIACIN, AND PANTOTHENIC ACID 
CONTENTS OF CORN INBRED LINES* 

Lorraine D. Rodriguez, Charles H. Hunt, 
and R. M. Bethke* 


ABSlllACT 

Thirty-nine com inbred lines grown at Columbus, Ohio, in 1946 were 
analyzed for total protein, niacin, and pantothenic add. The lines ranged 
from 9.9 to 17.8% protein (mean 13.1), from 12.4 to 54.1 ^g. niacin (mean 
22.6), and from 2.6 to 9.4 /ug. pantothenic add (mean 6.1). Tests for 
correlation coefficient r made on the assay results of the three components, 
each with the other, revealed no significant correlations. However, the r 
values for niacin and protdn (negative) and for niadn and pantothenic add 
(positive) approached the 5% level of significance, indicating that there may 
be some relationship between these components. 


The chemical composition of the com plant has been the subject 
of considerable study. Hybrids have been compared with open- 
pollinated varieties and attempts have been made to trace heritable 
characters in inbred lines and hybrids. Recently, attention has been 
given to vitamins, mineral elements, and amino acids of the com grain, 
as well as to protein, oil, sugar, starch, and ash. 

Experiment stations first produced high or low protein corn by 
seed selection (Hume, Champlin, and Loomis, 9; Smith, 14). Breeding 
high-protein corn by Mendelian methods was reported by Hayes (7). 

Curtis and Earle (4) found variations attributable to heredity 
and/or environment in composition of grain, including protein, from 17 
hybrids grown at different locations. 

Sayre (13) reviewed the protein content of some open-pollinated 
varieties and hybrids tested at the Ohio Station during several years. 
Early studies showed that hybrids had a more uniform protein content 
than open-pollinated varieties. Open-pollinated corn grown with 
seven hybrids at several locations through four seasons did not always 
contain the lowest percent protein, but proved inferior to the hybrids 
in yield of protein per acre. He found that soil, season, and maturity 
affected protein content. 

Hunt, Ditzler, and Bethke (10) have reported that while both 
heredity and environment affect niacin and pantothenic acid in 


1 Manuscript received August 31, 1949. Published with the approval of the Director of the Ohio 
Agricultural Experiment Station. ,« . , wr .x rw.* 

s Department of Animal Science, Ohio Agricultural Experiment Station, Wooster, Ohio. 
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hybrids, niacin is less subject to environmental influences than panto¬ 
thenic acid. Further study showed the effect of specific inbred lines 
on both vitamins in various types of hybrids (Ditzler, Hunt, and 
Bethke, 5). After finding that inbred lines varied more widely than 
related hybrids in niacin and that hybrids high in niacin came from 
parents high in niacin, Gorfinkel (6) concluded that niacin in maize is 
a genetically inherited factor. Richey and Dawson (12) also reported 
wide variations in the niacin content of inbred lines. Hybrids were 
intermediate between the parents. These investigators believe that 
it would be possible to develop hybrids with SO jug- niacin per g., but 
that such hybrids would be valueless unless they possessed other 
desirable characteristics. 

A few investigators have correlated vitamin content with other 
components of cereal grains. The work of Burkholder, McVeigh, and 
Moyer (2), Mather and Barton-Wright (11), and Cameron and Teas 
(3) indicates a correlation between relatively high niacin and sugary- 
type maize endosperm. Aurand and Miller (1) reported a definite 
influence of heredity on the carotene and crude protein contents of 
single cross corn hybrids but found no correlation between the two 
nutrients in the corn tested. Hoffer, Alcock, and Geddes (8) found 
a significant positive correlation {r = +0.326) between thiamine and 
protein in 383 samples of hard red spring wheat. At this Station, 
Hunt and co-workers found a significant positive correlation (r = 
+0.834) between niacin and protein in 28 oats samples grown during 
two seasons on a 5-year rotation fertility experiment (unpublished 
data). 

The present study was undertaken to determine whether a correla¬ 
tion existed in corn inbred lines between niacin and pantothenic acid 
and between the contents of each of these vitamins and protein. 

Materials and Methods 

The grain from thirty-nine corn inbred lines grown under open 
pollination at Columbus, Ohio, in 1946 was analyzed for total protein, 
niacin, and pantothenic acid. Total protein was determined by the 
Kjeldahl procedure. Niacin and pantothenic acid were determined 
microbiologically, using methods previously described (Hunt et aL, 
1947). Results were calculated to dry matter basis. The test for 
correlation coefficient r was made on niacin with pantothenic acid 
and on protein with each of the two vitamins. 

Results and Discussion 

The assay results are shown in Table I. The lines ranged from 
9.9 to 17.8% protein (mean 13.1), from 12.4 to 54.1 jtig. niacin (mean 
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22.6), and from 2.6 to 9.4 /ig. pantothenic acid (mean 6.1) per g. 
sample. The ranges of all three components were quite wide. This 
result agrees with the findings of Gorfinkel (6) and Richey and 
Dawson (12) whose tests of inbred lines showed a wide range in 
niacin. When the three components were correlated with each other, 
the values of correlation coefficient r for these three components were 

TABLE I 

Total Protein, Niacin, and Pantothenic Acid Contents of Corn 
Inbred Lines Grown at Columbus, Ohio, in 1946 
(Dry matter basis) 


Inbred line 

Total protein 
% 

Niacin 

mcg./g. 

Pantotlienic acid 
mcg./g. 

Ind. WF9 

12.1 

25.8 

8.2 

CL4-8 

14.4 

18.0 

5.1 

Ind. Tr 

11.9 

27.0 

S.l 

W23 

9.9 

33.0 

6.7 

CL7 

13.4 

24.7 

8.1 

CL187-2 

12.7 

18.2 

5.8 

HS 

14.9 

16.4 

6.0 

H7 

17.8 

27.9 

5.9 

Ia.l205 

12.7 

23.7 

7.1 

K4 

14.4 

21.4 

9.0 

K155 

11.8 

20.6 

4.7 

K166 

12.8 

24.0 

7.6 

Ia.L289 

i 12.9 

20.1 

4.4 

Ia.L317 

1 13.8 

12.4 

4.1 

Ill. M14 

12.7 

24.4 

6.6 

T8 

12.3 

19.1 

6.1 

la. Os 420 

13.7 

23.6 

8.1 

la. Os 426 

13.4 

18.7 

4.2 

Ill. A 

14.7 

23.7 

5.8 

Ill. Hy 

11.1 

15.8 

3.3 

Ind. 38-11 

15.0 

20.6 

6.2 

la. P8 

13.2 

17.8 

5.8 

Kys 

Oh02 

15.7 

25.8 

7.2 

12,6 

32.0 

6.9 

Oh04 

13.0 

24.4 

6.4 

Oh07 

12.0 

27,0 

5.8 

Oh7A 

11.3 

54.1 

6.9 

Oh26 

13.6 

15.8 

6.6 

Oh28 

11.6 

43.6 

5.4 

Oh33 

12.6 

13.3 

4.6 

Oh40B 

12.9 

13.6 

7.3 

Oh41 

12.1 

15.2 

5.4 

OhSl 

11.0 

16.8 

6,2 

OhSlA 

11.3 

23.0 

5.5 

Oh56 

13.2 

20.1 

4.7 

OhS6A 

13.9 

19.6 

9.4 

Oh6S 

14.6 

13.2 

2.6 

Oh84 

12.7 

23.6 

6.2 

Oh93 

14.0 

22.4 

6.3 

M^n 

Minimum 

Maximum 

13.1 

9.9 

17.8 

22.6 

12.4 

54.1 

6.1 

2.6 

9.4 
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as follows: for protein with niacin, —0.249; for protein with panto¬ 
thenic acid, +0.086; for niacin with pantothenic acid, +0.28S, None 
of the values for r was significant for 39 pairs. However, the r values 
for protein with niacin and for niacin with pantothenic acid approach 
significance {r = approximately .31 at 5% level) and indicate that 
there is probably some relationship between the components compared. 
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COMMUNICATIONS TO THE EDITOR 
The Lever System of the Baker Compressimeter ^ 


Sir: 

The Baker Compressimeter, since it was first reported by Platt,^ 
has been used by a number of workers to follow the change in firmness 
or compressibility of bakery products during the progress of staling. 
Platt in his original paper stated, “When the plunger is depressed, the 
amount of the depression is multiplied 10 times and is read direct in 
millimeters on scale D.“ However, he did not mention any factor for 
converting force scale readings into actual depressing force. 

Recently, Favor and Johnston® reported the use of the Baker 
instrument in a study of the effect of polyoxyethylene monostearate on 
the staling of bread. These authors stated that “The stress in grams 
read from the scale on the instrument was multiplied by 10 to show 
the actual stress applied by the lever system to the section of bread 
crumb, and to secure better correlation with similar readings taken 
from other types of compressibility testers. “ 

Other workers^ have made similar statements, but attempts to 
demonstrate a correlation between the Baker Compressimeter and the 
Universal Penetrometer in this laboratory indicated that some factor 
other than 10 was involved. 

To clarify this matter all the levers on the Baker instrument, with 
the exception of the one bearing the stress indicator, were immobilized 
with Scotch tape. By hanging analytical weights at the point where 
force is normally applied, it was found that with only a slight error, 
due perhaps to lack of linearity in the spring, the force scale values in 
grams equalled the force applied at this point. 

The Baker Compressimeter was dismantled and the various levers 
were measured carefully with a steel scale. The results are shown in 
Fig. 1. 

From these measurements it was possible to validate Platt’s 
statement that the amount of depression is read directly from the 
instrument scale. The lever system, HG/DG, produces a tenfold 


»These observations were made incidental to the course of an investigation supported by the 
United States Department of Agriculture under the Research and Marketing Act, Contract No. 
A-lS-30909. The conclusions contained in this report are those of the authors and ^ not to be 
construed as necessarily refining the views or indorsement of the I^partm^t of .A^ciuti^ 

* Platt, W. and Powers, R, Compressibility of bread crumb. Ctfeal Chem. 17i 601-621 (1940). 

* Favor, H. H., and Johnston, N. F. Effect of polyoxyethylene stearate on the crumb softness of 

bread. Cereal Chem. 24:346-355 <1947). . , „ , ^ ^ . i 

* Noraick, P. P., and Geddes, W» F. Application of the Baker Compreailmeter to cake studies. 
Cereal Chem, 20: 463-477 (1943), 


71 



72 


COMMUNICATIONS TO THE EDITOR 


Vol. 27 



Fig. 1. Lever system of the Baker ComprcbSimeter. 


magnification of the depression, but the true depression is read in 
millimeters from the scale of the instrument. There is a small error 
resulting from angular displacement which may be ignored. 

An examination of the levers involved in the force system revealed 
that for Plunger Position D the mechanical advantage is as follows: 


Mechanical Advantage: 


4G ^ 

CG^ BG^ 


BG 

DG 


AG 

DG' 


From this observation and the lever measurements it was possible 
to calculate the theoretical conversion factor for the force scale for 
each of the three plunger positions. The following formula was 
employed: 

where: 


/a = force applied to the sample by the plunger. 

f = force applied to the lever at A and transferred to the plunger 
at B by a spring. This was determined to be the scale 
reading. 

dA = length of the lever to which force is applied by a motor from 
the fulcrum, G to A, 

d' = length of the lever from G to the plunger where force is 
applied to the sample, P, E or F. 

^ == mechanical advantage of the system. 


The results are as follows: 
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Having been assured that the Baker Compressimeter is a standard¬ 
ized machine ® and that the one studied was a stock model, it would 
appear that the true factor to use in converting the force scale to 
actual force applied at the first plunger position {D) is 12.1 rather 
than 10. 

By assuming that the lever-free Penetrometer provided accurate 
force-depression values on sponge rubber blocks, and by correlating 
these with Baker readings on the same blocks, it has been possible to 
demonstrate that the theoretical constants obtained are correct. The 
experimentally determined constants had an average deviation from 
the theoretical of 1.3% or less. 

J. B. Thompson and D. F. Meisner 
American Institute of Baking 
Chicago, Illinois 

October 11, 1949 

The Amino Acid Composition of Whole Wheat in Relation 
to its Protein Content 

Dear Sir: 

During some recent studies in these laboratories the essential amino 
acid composition of 4 samples of different varieties of whole wheat has 
been determined by microbiological assay. The results suggest that 
the fraction of the total (Kjeldahl) nitrogen contributed by several of 
the amino acids may not be wholly independent of the nitrogen content 
of the sample, tending to be higher in samples of lower nitrogen con¬ 
tent. This was most marked with arginine, lysine and valine, figures 
for which are given below. No such tendency was noted with phenyl¬ 
alanine, histidine, tryptophane or tyrosine. None of the amino acids 
so far studied (the ten “essential” amino acids and tyrosine) showed 
the reverse tendency. 



Nitrogen 

Argimne* 

Lyame* 

Vahne* 


% 

% 

% 

% 

White English Wheat 

1.58 

10.2 

4.12 

3.56 

N. S. W. Australian 

1.81 

9.08 

3.81 

3.44 

New Crop Plate 

2,27 

8.94 

3.46 

3.32 

Tough No. 2 Manitoban 

2.43 

8.75 

3.39 

3.15 


Amino add nitrogen as per cent of total nitrogen. 


We have not so far determined the non-protein nitrogen content of 
our samples; variations therein might, of course, explain the results 
observed. Alternatively, it may be that the samples contain different 
proportions of the individual wheat proteins. 

■ Personal communication, Meade Hams, Wallace and Tieman Company, Inc., CMcaao, lUmois. 
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Some data recently published by McElroy et al. (1), in which the 
essential amino acids in nine samples of one variety each of wheat, 
barley and oats were compared, show some interesting points of sim¬ 
ilarity. Their figures show that there was a within-species variation 
of amino acid content which, in the case of wheat, was most evident 
for lysine, arginine, valine, isoleucine and histidine. Furthermore, as 
they point out, it appears that the fraction of the total nitrogen con¬ 
tributed by the nitrogen of lysine may decrease as the total N increases 
—^a tendency that, their figures suggest, may apply to certain other 
amino acids also. 

Thus there appears to be accumulating evidence that the onde 
protein of wheat samples lowest in nitrogen may contain rather 
higher proportions of several of the amino acids, suggesting that there 
are qualitative, as well as quantitative, differences in protein content. 

Stanley A. Price 
Research Laboratories, 
Vitamins Ltd. 

23, Upper Mall, 
London, W.6., England 

October 28, 1949 
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Outlines of Biochemistry. By Ross Aiken Gortner. Third Edition edited by Ross 

Aiken Gortner, Jr. and Willis Alway Gortner. 1078 pp. John Wiley & Sons, 

Inc., New York and Chapman & Hall, Ltd. London. Price $7.50. 

Outhnes of Btochemisiry^ has long been regarded as a classic in its field. The ap¬ 
pearance of this revised edition will be welcomed by biochemists eveiywhere. It was 
made possible through the efforts of a number of authorities on various phases of bio- 
chemistp^, nearly all of whom were former students or colleagues of the late chief of 
the Division of Agricultural Biochemistry at the University of Minnesota. 

While many advances have been made in the eleven years since the last revision, 
these have been incorporated without greatly altering the general form and size of the 
book. Subject matter is divided into six sections dealing with colloids, proteins, 
carbohydrates and related substances, lipids and essential oils, plant pigments and 
biochemical regulators. ^ Most of the chapter headings are the same as formerly, but 
some have been combined, some completely rewritten, and three new chapters 
included. 

The section on colloids has been greatly condensed and relatively little new ma¬ 
terial added. All the other sections have been expanded. 

In the protein section a new chapter on protein denaturation has been added. 
The chapter on protein analysis now includes descriptions of ion exchange and 
chromatographic separation methods for separation of amino acid mixtures and micro- 
biolorical techniques for amino acid analyses. 

The carbohydrate section has been almost completely rewritten. The subject 
is developed in an excellent fashion and includes many citations of recent literature. 
Errors found in some structural formulas in the previous editions have been corrected. 
A new chapter on carbohydrate metabolism, a field in which remarkable progress has 
been made in the last few years, has been added. 

Lipid metabolism is the subject of a new chapter in the lipid section. Recent 
findings on the mechanism and inhibition of fat oxidation are also reviewed. 

Extensive revisions have been made in the last two sections to present up-to-date 
information on the chemistry of plant pigments, vitamins, hormones, and enzymes. 

Contributors to the revision were Drs. S. I. Aronovsky, P. D. Boyen D. R. 
Briggs, H. B. Bull, G. O, Burr, W. F. Geddes, R. A. Gortner, Jr., W. A. Gortner, 
H. 0. Halvorson, W. M. Sandstrom, T. J. Schoch, and J. J. Willaman. 

The third edition upholds the high standards set by the original author. It 
should be a valuable aid to every cereal chemist as well as to others working with 
biological materials. 

P. E. Ramstad 

School of Nutrition 
Cornell University 
Ithaca, New York 


Nutritional Data. Published and distributed gratis by the H. J. Heinz Co., P. O. 

Box 57, Pittsburgh, Pa. 

As a successor to “Nutritional Charts,“ “Nutritional Data” will be welcomed 
by the large number of people working in the medical and biological ijrofessions, and 
by nutritionists and dietitians who have valued the previous 12 editions of “Nutri¬ 
tional Charts” as a ready source of reference. “Nutritional Data” is a revision and 
expansion of its predecessor which contains much added material and retains many 
of the valuable features of the original publication. The subject matter, treated 
mostly in tabular form, is divided essentially into the following ten ^tions: Vitaniins, 
The Essential Elements, Proteins and Amino Adds, the Availability of Nutrients, 
Signs and Symptoms of Malnutrition, the Metabolism and Action of Foods, Human 
Diet^ Requirements, Planning Diets for Good Nutrition, Tables of Food Com¬ 
position and Nutritive Value, Nutritional Activities of H. J. Heinz Co., Suggestions 
for Further Reading. The section devoted to tables of food composition and nutritive 
values forms the backbone of this publication. This section will be particularly 
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valuable to dietitians, and it constitutes a convenient source of reference for others. 
Compared to previously published tables of food composition in “Nutritional Charts,” 
these new tables have been revised to conform with the latest analytical data avail¬ 
able. That such a revision is desirable is indicated by the fact that the analyses of 
what might be considered well-known staple foods, such as whole-wheat flour, 
oatmeal and peanut butter, given in the present issue are somewhat different from 
those previously listed. The expression of the niineral content of foods in terms of 
grams or milligrams per 100 grams of edible portion rather than in terms of percent 
IS a distinct improvement. The columns giving the alkaline or acid effect of foods 
which were previously incorporated in the tables of food composition have been 
deleted. The descriptive and factual material presented in “Nutritional Data” is 
in general quite accurate and reliable. Perhaps it would be desirable if in the section 
on vitamins^ the deficiency signs and symptoms which are listed were more clearly 
identified with the species involved, particularly where specific symptoms have not 
been identified in human beings. '\A^ile an effort in this direction has been made, 
the differentiation between symptomology in different sj^cies is not as clear-cut as 
might be desired. A few inaccuracies have been found in the text, but in general, 
they are not of a serious nature. For example, the statement made on page 31 to 
the effect that copper is necessary for conversion of iron into hemoglobin is not as yet 
supported by ex^rimental evidence, nor should pantothenyl alcdiol which is listed 
on page 45 as a pantothenic acid antagonist be classified in this manner inasmuch as 
it is readily available to human beings and oxidized by them to pantothenic acid. 

The reviewer feels certain that there will be a great demand for “Nutritional 
Data” and that it will be a valuable reference to all the people interested in the field 
of nutrition. The sponsors of this publication and the editorial staff are making a 
fine contribution to better nutrition through the compilation and distribution of 
“Nutritional Data.” 

M. 0. SCHULTZE 

Division of Agricultural Biochemistry 
University Farm 
Saint Paul, Minn. 
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EDITORIAL POLICY 

Cetcol ChtmUUy publishes saentihc papers dealing with raw materials, processes, or products of 
the cereal industries, or with analytical proc^ures, technological tests, or fundamental research, related 
thereto. Papers must be based on original investigations, not previously described elsewhere, which 
make a definite contribution to existing knowledge. 

C&reol Chemistry gives preference to suitable papers presented at the Annual Meeting of the 
American Association of Cereal Chemists, or submittM directly by members of the Association. When 
space permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, concise, and styled for Cereal Chemistry, 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may be 
secured from and subscriptions placed with the Managing Editor, University Farm, St. Paul 1, 
Minnesota. Subscription rates, $7.50 per year. Foreign postage, 50 cents extra. Single copies. 
$1 50; foreign, $1.60. 

Entered as second-class matter March 3, 1932, at the post ofi6ce at Lancaster, Pa., under the Act 
of August 24, 1912. Acceptance for mailing at special rate of postage provided for in Section 1193, 
Act of October 3, 1917, authorized February 16, 1924. 


SUGGESTIONS TO AUTHORS 

General. From January 1,1948, an abstract will be printed at the beginning of 
each paper instead of a summary at the end, references will be numbered to provide 
the option of citing by number only, and date of receipt, author’s connections, etc., 
will be shown in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
“On Writing Scientific Papers for Cereal Chemistry” (Trans. Am, Assoc, Cereal 
Chem. 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced vrith 
wide margins on 8^ by 11 inch white paper, and all original drawings or photographs 
for figures. If possible, one set of photographs of figures should also he submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The title footnote shows “Manuscript received . . 
and the name and address of the author’s institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introduction. Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be cited instead. 

References are arranged and numbered in alphabetical order of authors’ names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors’ names and year may be cited also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40; I-CCIX. 1946. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowledgments, and literature 
cited. Alternately, a group of related studies, each made with different materials 
or methods, may require a separate section for each study, with subsections for mate¬ 
rials and methods, and for results, under each section. Center heading are used for 
main sections and italicized run-in headings for subsections, and headings should be 
restricted to these two types only. 
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Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer¬ 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side headings should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables shotTld be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing (TABLE I)” in the appro¬ 
priate place between Imes of the text. (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts¬ 
man. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable; curves should be drawn heaviest, axes or frame intermedi¬ 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

All drawings should be made about two to three times eventual reduced size with 
India mk on white paper, tracing linen, or &/«^-lined graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be I’b to ith inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc¬ 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and Tables” 
(Trans, Am. Assoc. Cereal Chem. 3: 69-104. 1945) amplifies these notes. 

Text Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequences for paragraphs and for sentences within paragraphs, and a skill¬ 
ful use of headings and topic sentences are the greatest aids to clarity. Clear phras¬ 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the definite 
to the vague. Trite circumlocutions and useless modifiers are the main causes of 
verbosity; they should be removed by repealed editing of drafts. 

Editorial Style A.A.C.C, publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster’s Dictionary. A few points 
which authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6,9 g. were). Figures are used before unit abbreviations 
(3 ml), and % rather than “per cent” is used following figures. All units are abbre¬ 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10® C.). Place 0 before the decimal point for correlation co¬ 
efficients (r = 0.95). Use to mark statistics that exceed the S% level and for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/(B + C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 
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THE ENVIRONMENTAL AND AGRONOMICAL FACTORS 
INFLUENCING THE THIAMINE, RIBOFLAVIN, 
NIACIN, AND PANTOTHENIC ACID CONTENT 

OF WHEAT, CORN, AND OATS» 

• ^ 

Charles H. Hunt, LorIiaine D. Rodriguez, and R. M. Bethke = 

ABSTRACT 

Data compiled on the thiamine, riboflavin, niacin, and pantothenic 
acid contents of wheat, com, and oats grown^on three t>'pes of soil fertilit>^ 
experiments during several seasons were subjected to statistical analysis. 
Interpretation as to the effect of season (year in which crop was grown), 
lime, and various types of fertilizers were made on the basis of trends or 
statistically significant differences. 

In the five-year rotation fertility experiment, season affected the 
thiamine and riboflavin content of wheat, corn, and oats, the niacin content 
of com and oats, and the pantothenic acid content of com. 

Liming the soil in the five-year rotation experiment increased the thi¬ 
amine content of wheat, corn, and oats, and the niacin and pantothenic acid 
content of wheat, Limlhg the soil also decreased the hull and niacin content 
of oats in 1944 (dry year). This decrease was less significant where a 
complete fertilizer (NPK) was used in comparison with single fertilizers 
(N or P or K). 

The effect of fertilizers (other than lime) on the vitamin content of 
wheat was selective. Phosphorus alone appears to have increased the 
thiamine content, while nitrates increased the niacin and nitrates and potash 
in combination increased the pantothenic acid content of wheat. Potash 
alone appears to have decreased the thiamine content of wheat. 

Nitrates alone significantly increased the thiamine content of oats. No 
other fertilizer effect, other than lime, was apparent. 

The thiamine content of com appears to have been decreased by potash 
as a single fertilizer. These results were apparent for two years. The 
thiamine content of corn grown during a dry season (1944) was less than 
the thiamine content of com grown during a normal season. 

Season affected the thiamine content of wheat and oats in the continuous 
culture experiment, but, unlike that found in the five-year rotation experi¬ 
ment, the thiamine content of corn was not affected. Wheat grown in a 

1 Published with the approval of the Director of the Ohio Agricultural Experiment Station, Wooster, 
Ohio. 
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normal year (1948) had a higher riboflavin content than wheat grown in a 
wet year (1947). Reverse results were found in oats. 

Liming the soil did not significantly increase the thiamine content of 
of oats nor increase the thiamine content of corn. These results are the 
j^erse of those found in the five-year rotation experiment. 

The application of variable amounts of a 2-12-6 fertilizer produced no 
significant effect on the vitamin B complex content of wheat Wheat 
growm on the “rate of fertilization experiment/’ of recent origin, had a 
higher average thiamine, riboflavin, niacin, and pantothenic acid content 
than wheat growm in the five-year rotation experiment and a greater niacin 
content than wheat grown in the continuous culture experiment. 

Plants and their fruits supply almost the entire feed of animals and 
a large part of the food for man. Any information concerning factors 
which influence the value of plants and their fruits (grains) as a source 
of nutrients is of great nutritional and national importance. 

It has been established that the application of certain fertilizers to 
the soil affects the composition of wheat, Ames (1, 2); Hunt (7). The 
question arises as to whether there is a coyrrelation between the members 
of the vitamin B-complex and the changes in the other chemical com¬ 
ponents of the grain. Some investigators have observed *tiiat the 
vitamin B content is correlated with the phosphorus content of the 
grain, Voegtlin and Meyers (17), and that wheat grown on a soil 
fertilized with phosphate had a higher vitamin B content than wheat 
grown without phosphate fertilizer, Hunt (7). Rowlands and Wilkin¬ 
son (12) have shown that soils treated with barnyard manure produced 
seeds of a higher vitamin B content than those produced with artificial 
commercial fertilizers. Sinefe the above* observations were made, 
vitamin B has been found to be a complex and nothing is known as to 
what factor or factors of the complex may be influenced by such soil 
treatment. 

Schultz, Atkin, and Frey (14) have shown that there are significant 
differences in the thiamine content of different varieties of the same 
cereal and that there are indications that regional differences ma^" 
affect the thiamine content of a single variety. Downs and Cathcart 
(5) found that hard wheats had a higher thiamine content (7.1 Mg-/g-) 
than soft wheats (6.1 Mg-Zg-)- Nordgren and Andrews (11) observed 
that location had a much greater effect than variet^^ on the thiamine 
content of spring wheat, and that the thiamine content was correlated 
with the ash content. Johannson and Rich (9) found a large vari¬ 
ability (2.9 to 8.0 iug/g.) in the thiamine content of wheat and suggest 
that this variation may be due to soil composition, climatic conditions, 
and variety, while Whiteside and Jackson (18) reported a significant 
difference in the thiamine content of different varieties of spring 
wheat and stated that location and year also had a significant effect. 
Hoffer, Alcock, and Geddes (6) analyzed Canadian spring wheats from 
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three provinces and reported a range in thiamine from 2.9 to 6.3 A«g./g., 
with an average of 4.56 Mg-Zg* They found a significant positive 
correlation between thiamine content and protein. Teply, Strong, 
and Elvehjem (16) have reported that the environmental differences 
under which wheat is grown influence the niacin, pantothenic acid, and 
p\ ridoxine content, but that the effect on each of the three vitamins 
was not in the same order. Knox, Heller, and Sieglinger (10) found 
that sorghum grains vary but little in riboflavin and pantothenic acid, 
w'hile niacin varied as much as 100%. Hunt, Ditzler, and Bethke (8), 
and Ditzler, Hunt, and Bethke (4) have shown that both hereditary^ 
and environmental factors affected the niacin and pantothenic acid 
content of corn hybrids and some related inbred lines. Pantothenic 
acid was much more subject to environmental influences than was 
niacin. 

Long range cultural experiments inaugurated at the Ohio Agricul¬ 
tural Experiment Station in 1893 and in 1937 offered an excellent 
opportunity to study the effect of soil treatment with fertilizers and 
lime on the vitamin B-complex content of wheat, corn, and oats. If 
soil treatment affects the vitamin 5-complex content of grains the fact 
should become evident in these types of experiments. * 

‘ Materials and Methods 

The types of experiments from which samples w^ere gathered for 
assay were as follows: 

(1) Five- Year Rotation Fertility, This experiment was inaugurated 
in 1893. The order of crops was corn, wheat, oats, and two years of 
forage crops. Samples were assayed from two crops of each of the 
cereal grains. The fertilizer treatments for each grain sure shown in 


TABLE I 

Variance for Thiamine, Riboflavin, Niacin, and Pantothenic Aan 
Contents of Wheat (Five-Year Rotation Experiment) 


Source of variance 

Degrees of 
treedom 

Thiamine 

Riboflavin 

Niacin 

Pantothenic 

acid 

Year 

1 

31.38** 

48.19** 

3.38 

0.08 

Lime 

1 

35.50** 

.13 

22.04** 

18.85** 

Fertilizer 

8 

3.75* 

.42 

6.71* 

4.S6* 

Year X lime 

1 


1.65 

1.00 

3.92 

Year X fertilizer 

8 

3.00 

1.61 

7.22** 

2.68 

Lime X fertilizer 

8 

1.63 

.38 

.90 

2.42 

Error 

8 

.08 

.0069 

2.16 

.75 

Total 

35 



* Sisoificant. 

** Highly significant. 


















TABLE II 

Effect of Fertilizer Treatment on the Thiamine, Riboflavin, Niacin, and Pantothenic Acid Content of Wheai 

Five Year Rotation (Micrograms per gram) 
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Superphosphate, 1604-lime 

Muriate of potash, 100 

Muriate of potash, 100-4-Iime 

No treatment (check plot) 

No treatment fcheck plot)-f-lime 

Nitrate of soda, 160 

Nitrate of soda, 1604-linie 

Superphosphate, 160; nitrate of soda, 160 

Superphosphate, 160; nitrate of soda, 160+lixne 

Superphosphate, 160; muriate of potash, 100 
Superphosphate, 160; muriate of potash, 100+lime 

Muriate of potash, 100; nitrate of soda, 160 

Muriate of potash, 100; nitrate of soda, 160H-lime 

Superphosphate, 160; muriate of potash, 100; nitrate of 
so^, 160 
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'O 

00 
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Minimum significant difference—Plot means 0.41 0.12 2.13 1.26 

Yearly means 0.19 0.18 0.99 0.58 





















TABLE III 

Effect of Fertilizer Treatment on the Thiamine, Riboflavin, Niacin, and Pantothenic Acid Content of Corn 

Five-year Rotation Experiment (Micrograms per gram) 












































TABLE IV 

Effect of Fertilizer Trea-iment on ihe Thiamine, Riboflavin, Niacin, and Panioihenic Acid Conient of Oais 

Five Year Rotation (Micrograms per gram) 
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Minimum significant difference—Plot means 0.5 0.04 

Yearly means 0.24 0.04 
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Tables II, III, and IV. Where lime is indicated, one-hall of each plot 
was limed to pH 7.0. 

(2) Contmuous Culture, Corn, wheat, and oats were gro\Mi con¬ 
tinuously on separate but adjacent plots since 1893. One-half of each 
plot was limed to pH 7.0 on all grains until 1934, since that time the 
entire plots on which wheat was grown have been limed. The fertilizer 
treatments for each grain arc shown in Tables VI, \TI, and VI11. 
Samples assayed included wheat and oats grown during two years, 
and a small number of samples of corn grown during three years. 

The soil underlying the plots used in the above experiments is 
Wooster silt loam. 

(3) Rate of Fertilization, This experiment Mas inaugurated in 
1937. The rotation of crops grown was corn, wheat, and two >ears of 
alfalfa. Samples of wheat grown during four years were assayed. 
All plots received a basic treatment of lime to pH 7.0. The fertilizer 
treatment is shown in Table IX. The underlying soil is Canfield 
silt loam. 

The same varieties of wheat and oats were grown throughout the 
experiments. The same corn hybrid was used throughout the experi¬ 
ments with the exception of one year of the five-year rotation fertility 
experiment; this fact will be treated more fully in the discussion of 
results. 

All samples M'ere finely ground in a Wiley mill and stored in tightly 
stoppered glass containers in a dark room until assayed. The assays 
for niacin and pantothenic acid were made as outlined in a previous 
publication. Hunt et al. (8), using Lactobacillus aroifinosus 17-S as the 
test organism. 

The samples for ribofla\in assay were prepared according to the 
procedure of Cooperman and Elvehjem (3) and determined according 
to the method of Snell and Strong (1939), using Lactobacillus casei E 
as the test organism. 

The method used lor thiamine followed closely that of Sarett and 
Cheldelin (13), using Lactobacillus fermentum 36 as the test organism. 
The samples were subjected to enzymatic hydrolysis. Bacterial 
growth at the end of 16 to 18 hours was measured as turbidity, which 
was read directly on the galvanometer scale of the Coleman spectro¬ 
photometer, at a wave length of S40 mii. The scale was first stand¬ 
ardized M’ith distilled water to read 100. Readings on duplicates of 
three sample aliquots M^ere made in matched tubes. The density L 
(L — 2 — log G) was calculated from the galvanometer reading G. To 
obtain a standard curve, L values were plotted against concentrations 
of thiamine in aliquots of a standard solution. 



TABLE V 

The Relationship Between Weight of Oats and Percent Hulls, and Niacin Content of Oats, Groais, and Hulls 
O ata 1944—Dry weather 
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»■ TABLE VI 

Effect of Fertilizer Treatments on the Thiamine, Ribofi^avin, Niacin, vnd PANrorHEXic Acin Conient of \Vhl\ 

Continuous Culture (Micrograms per gram) 
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Fertilizer tteatment—pounds per acre 

No fertilizer (check plot) 

No fertilizer (check plot)+lime (before 1934) 

Superphosphate, 128; muriate of potash, 100; nitrate of 
soda, 160 

Sujierphosphate, 128; muriate of potash, 100; nitrate of 
soi^, 160+lime (before 1934) 

Superphosphate, 128; muriate of potash, 100 
Superphosphate, 128; muriate of potash, 100+lime (before 
1934) 

No fertilizer (check plot) 

No fertilizer (check plot)+lime (before 1934) 

Barnyard manure—2^2 tons 

Barm-ard manure—2t2 tf)ii.s+lime (before 1934) 

Barnyard manure—5 tons 
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No fertilizer (check plot) 
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Superphosphate, 256; muriate of potash, 200; nitrate ot 
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Minimum sigrnificant difference—Plot means 0.35 0.14 4.00 0.80 

Yearly means 0.14 0.06 1.86 0.40 
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Paiitotiienic acid 

1948 


V6 

601 

OsCS 

dd 

9.4 

10.0 

9.6 

10.3 

qq 

doo* 

ON On 

dd 

q q 
d d 

6.6 

12.6 

12.0 

10.7 

10.2 

Minimum significant difference — Plot means 0.30 0.30 0.89 1.87 

Yearly means 0.14 0.14 0.40 0.85 

b- 

Ov 


U-J ^ 

(N d 

q 

dcs 

^<4 

qq 

dd 

PC' 

dd 

to o 
do 

d d 

7.2 

8.4 

10.4 

10.2 

601 

Niacin 

00 

'I' 

lO o 
00 

00 od 

qcs 
00 00* 

8.2 

8.9 

po q 
00*00 

qq 

odod 

qq 
od od 

8.5 

7.5 

8.2 

8.7 

■N!t<00 

odod 

8.6 

1947 

dcs 

00* d 

00*00 

t-4 Os 

d d 

tH q 

00 d 

¥H ^ 

OS as 

q CS5 
dd 

od d 

7.7 

8.8 

9.5 

9.3 

d 

Riboflavin 

1948 

OnO 

d ^ 

looo 

OOOO 

dd 

ooo 

00 

dd 

0.99 

0.91 

00 00 
dd 

fS to 
On 00 

dd 

pot-^ 
On On 

do* 

0.95 

1.05 

0.91 

0.95 

1.03 

1.14 

0.94 

r- 

t 

fO oo 
Ov 

d 

^o! 

CS CN 

dcs* 

l>;q 

dd 

to C'fl 
qq 

cs d 

cs q 
d d 

cq (N 

ts. p 

d d 

2.16 

2.13 

2.42 

2.62 

3.09 

2.77 

2.75 

Thiamine 

On 

00 PO 

lod 

dd 

dd 

dd 

d d 

q 
d d 

qq 

d d 

6.5 

6.0 

q 

dd 

6.1 

6.1 

q 

d 

1947 

qoN 
»o 1/5 

sq iq 
tod 

4.0 

4.7 

5.4 

5.1 

q '“J 

dd 

Oto 

dd 

qt>. 

dd 

5.6 

6.1 

^ CN 

dd 

tOPO 

dd 

5.1 

Feitilizer treatment—pounds per acre 

No fertilizer—check plot 

No fertilizer—check olot4-lime 

Superphosphate, 128; muriate of potash, 100; nitrate of 
soda, 160 . 

Superphosphate, 128; muriate of potash, 100; mtrate of 
soda. 1604-lime 

Superphosphate, 128; muriate of potash, 100 

SuDerohosohate. 128; muriate of potash, 100-plime 

No fertilizer—check plot 

No fertilizer—check plot+Hme 

Barnyard manure—^2,5 tons 

Bamvard manure—2.5 tons4“lime 

Barnyard manure—5 tons 

Bamvard manure — 5 tons4-Iirae 

No fertilizer — check plot 

No fertilizer — check plot 4-lime 

Superphosphate, 256; muriate of potash, 200; nitrate of 
soda, 320 

Superphosphate, 256; muriate of potash, 200; nitrate of 
soda, 320-f lime 

Superphosphate, 256; muriate of potash, 200 
Superphosphate, 256; muriate of potash, 200-|-lime 

No fertilizer—check plot 

No fertilizer — check plot+lime 

Average 

Plot No. 

B 



B 

to 

NO 

B 

00 

0\ 

o 




































Mar, 1950 Q H. HUNT, L. D. RODRIGUEZ, AND R. M. BETHKE 


91 


TABLE IX 

Effect of Rate of Fertilization on the Vitamin B-Complex of Wheat 
(Micrograms per gram) 


Plot No. 

1 

3 

6 

9 


Fertilizer treatment 

None+lime 

200#2-12-6 

+lime 

SOO# 2-12-6 
-flime 

1000#2-12-6 

+lime 

Av 

lbs /acrt 
Thiamine 






1944 

3.2 

3.4 

3.8 

3,4 

3.5 

1945 

5.4 

5.1 

5.3 

5.3 

5.3 

1946 

4.7 

4.9 

4.8 

5.0 

4.9 

1947 

4.2 

3.8 

3.6 

3.2 

3.7 

Av. 

4.4 

4.3 

4.4 

4.2 

4.3 

Riboflavin 






1944 

1.04 

0.94 

1.13 

0.82 


1945 

1.16 

1.28 

1.18 

1.21 

1.21 

1946 

.89 

.96 

1.15 

.91 

.98 

1947 

1.09 

1.08 

1.10 

1.15 


Av. 

1.05 

1.07 

1.23 

1.02 

1.08 

Niacin 






1944 


57.0 

52.0 

51.2 

55.1 

1945 

58.7 

60.3 

59.7 

56.3 

58.8 

1946 

43.8 

48.5 

49.8 

51.8 

48.5 

1947 

51.7 

46.3 

44.3 

44.0 

46.6 

Av. 

53.6 

53.0 

51.5 

50.8 

52.2 

Pantothenic acid 




■■■III 


1944 



12.8 



1945 

12.3 


10.9 



1946 



11.7 



1947 

14.4 

12.9 

11.5 



Av. 

12.3 

12.2 

11.7 

11.2 



Minimum significant difference—yearly means: Thiamine, 0.43, Riboflavin, 0.14, 
Niacin, 5.53, Pantothenic Add, 1.35. 


A reference sample was used in each set of assays and for each 
vitamin, if the assay of the reference sample was within 10% of its 
known vitamin content, the assay values of the unknown samples were 
accepted. 

All of the data were subjected to statistical analysis. Inter¬ 
pretations of results are based on statistically significant differences in 
vitamin content. 

Results and Discussion 

Five-- Year Rotation Fertility Experiment, The fertilizer treatments 
consisted of nitrogen, phosphorus, and potash additions and various 
combinations of these elements, all with and without lime and no 
treatment. Each plot received a different fertilizer treatment. Anal¬ 
ysis of variance was made on the data. As an illustration, Table I 
shows the variance for the vitamins of’^wheat. Each vitamin was 
tested for variance due to year, lime, fertilizer, and interactions of each 
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with the other. In the cases where the data of only one year were 
available from a given plot, that plot was omitted from the analysis of 
variance test. 

Wheat. The data for wheat are presented in Table II. The 
results show that season (i.e., the year the samples were grown) in¬ 
fluenced the thiamine and riboflavin contents. The wheat grown in 
1946 had significantly higher thiamine and riboflavin contents than 
that grown in 1945. This was true irrespective of the fertilizer 
treatment of the soil. Season had no effect on the niacin and panto¬ 
thenic acid contents of wheat. The most outstanding and at the same 
time constant result was a higher thiamine, niacin, and pantothenic 
acid content produced by the application of lime. This effect (Table 
11) was highly significant for both years. The effects of fertilizers on 
thiamine were variable. The data indicate that the applications of 
superphosphate and potash as single treatments resulted in a slight 
increase and decrease, respectively, in thiamine content. This was 
true for both years of the study. Nitrate fertilizer alone significantly 
increased the niacin content of wheat, and no fertilizer treatment 
(check plot), as well as nitrate and potash in combination, produced 
wheat of the highest pantothenic acid content. 

Hunt (7) reported that liming of the soil increased the phosphorus 
and magnesium contents of wheat. The data in this study show that 
liming of the soil increased the thiamine content, suggesting that there 
may be a close association between phosphorus and magnesium and 
the thiamine content of wheat. Since no mineral analyses were made 
on corn or oats in this or other studies, it is not known whether or not 
this association might occur in these cereals. 

Corn. Season had a significant effect on the thiamine, riboflavin, 
niacin, and pantothenic acid contents of com (Table III). The 1948 
crop was higher In all four vitamins than the 1944 crop. The hybrid 
Ohio W17 was grown in 1944 and Ohio W36 was grown in 1948. In 
view of this fact, differences due to season cannot be clearly determined 
since the two hybrids may have responded to the seasonal variations in 
a different manner; however, the inference is that season had a signifi¬ 
cant effect. 

Weather records show that 1944 was very dry during the growing 
season, while 1948 was termed a normal growing period with a normal 
rainfall. As with wheat, lime increased the thiamine content signifi¬ 
cantly while potash decreased the thiamine content significantly. 
Lime decreased riboflavin and had no effect on niacin and pantothenic 
acid. 

Oats. The data on oats show further evidence that season affected 
the thiamine content of the cereals studied (Table IV). The 1945 
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crop was significantly higher in thiamine than the 1944 crop. Liming 
of the soil increased the thiamine content. Nitrate fertilizer alone 
increased the thiamine content of oats. Lime decreased riboflavin in 
1944 and increased it in 1945; these effects were slight, quantitativeh', 
but statistically significant because of consistency throughout the plots. 

The 1944 crop of oats was higher in niacin than the 1945 crop b^^ 
approximately 75%. This difference was highly significant. In 1944, 
the limed plots yielded oats consistently lower in niacin than that 
from the unlimed plots; in 1945, the effect of lime was not consistent. 
The fertilizer treatments were the same for both years, so that the 
differences in the niacin content and in the effect of lime could not be 
accounted for on the basis of fertilizer. In search of a possible ex¬ 
planation, other factors were investigated. Weather records showed 
that 1944 was a dry year and 1945 had normal rainfall. Weight per 
bushel and hull content of oats were determined (Table V). In 1944, 
liming the soil was shown to be associated not only with lower niacin 
but also with higher weight per bushel and obviously lower hull content. 
The niacin content of hulls was higher than that of groats. In 1945, 
the effect of lime was not consistent for niacin, weight per bushel, or 
hull content. From the foregoing facts, it was concluded that factors 
which increase hull content of oats also increase the niacin content. 
The action of lime during a dry year had a decreasing effect on niacin 
with related effects on weight per bushel and hull content. It is in¬ 
teresting to note that differences between the hull and niacin content 
of oats when grown on the limed and unlimed plots were less where a 
complete fertilizer (NPK) was used than where a single fertilizer (N 
or P or K) was applied to the soil (see Table V). This appears to apply 
only under extreme weather (dry) conditions. 

The fact that liming the soil increased the thiamine content of all 
three cereals studied would lead to a general statement that liming the 
type of soil on which the crops were grown for this study would increase 
the thiamine content of wheat, corn, and oats, irrespective of season 
and the fertilizer applied to the soil. 

Continuous Culture Experiment.' The fertilizer treatments con¬ 
sisted of phosphate and potash in combination, complete, barnyard 
manure, and no treatment. In wheat and oats, samples from two or 
more replications of each fertilizer treatment were assayed, with the 
exception of barnyard manure on wheat in 1947, of which one sample 
only was assayed. Analysis of variance was performed to test variance 
due to year, lime, and plot, and interactions of each with the other. 
Variance due to plot may have been the result of fertilizer treatment 
as well as the variance between replications in the same field. In order 
to determine the significance of differences due to fertilizer, group 
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comparisons (t values) were made on the grouped samples receiving 
a given fertilizer with other groups on different fertilizer treatments. 

Wheat, As in the five-year rotation fertility experiment, season 
affected the thiamine and riboflavin, and, in addition, the pantothenic 
acid content (Table VI). The vheat grown in 1948 (normal weather) 
had higher thiamine, riboflavin, and pantothenic acid contents than 
wheat grown in 1947 (high rainfall in April, May, and June). Com¬ 
parison of fertilizer treatments for both years shows that the check 
plot (no fertilizer) produced wheat of the highest pantothenic acid 
content. As previously noted, one-half of each plot was limed until 
1934, after which the entire plot was limed. At the time the samples 
were collected, therefore, both ends of the plots were receiving the same 
lime treatment An> variations in the vitamin content of wheat 
grown on the tvo ends of the plots, as noted, may be due to a residual 
effect of liming previous to 1934 (Table VI). 

Corn. The data in Table VII show that the niacin content of corn 
was influenced by season. No other effects of fertilizers, including 
lime, were observed. This does not agree with the results obtained in 
the five-year rotation experiment. 

Oats. Assay results (Table VIII) show that the thiamine content 
of oats is affected by the season and that complete fertilizer (NPK) 
barnyard manure, and no fertilizer (check plot) produced oats of higher 
thiamine content than phosphorus and potash in combination. Lim¬ 
ing the soil increased the thiamine content of oats but the effect was not 
as significant as that found in the five-year rotation experiment. The 
effect of liming on the niacin content of oats was not so discernible as 
in the five-year rotation experiment. A difference between a dry and 
wet and normal season may be the cause of this difference. 

The riboflavin and niacin contents of this cereal were influenced 
by year (Table VIII). The oats grown in 1947 were much higher in 
riboflavin and slightly higher in niacin than that grown in 1948. This 
difference in effect of season appears to be due to the seasonal (weather) 
effect on that part of the grains in which the greater portion of the 
vitamin was or is being stored. Due to excess rainfall, the 1947 crop 
was very light in weight (about 20 pounds per bushel), which would 
indicate a high hull content. As was stated previously, light weight, 
high hull oats grown in the dry year, 1944, on the five-year rotation 
fertility experiment, were found to be correlated with a considerable 
increase in niacin. In the continuous culture experiment, the variation 
due to season weis not nearly so marked. 

These differences in magnitude of the effects of lime and season 
may have been due to type of experiment. 
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Rate of Fertilization Experiment. Wheat. The results are shown in 
Table IX. As in the other two experiments, the results show that 
season had a significant effect on the thiamine, riboflavin, niacin, and 
pantothenic acid contents of wheat. There was no consistent effect 
of extreme seasons (excessive rainfall or dryness) on the vitamins. 

The rate of fertilizer application to the soil in this experiment had 
no significant effect on the vitamin B-complex content. It is also 
noted that there was no difference between the vitamin content of 
w’heat from the check and fertilized plots. 

The wheat grown on the plots in this experiment (ot a more recent 
origin) had higher average thiamine, riboflavin, niacin, and panto¬ 
thenic acid contents than the wheat grow'n on the five-year rotation 
fertility experiment, and the niacin content ot the continuous culture 
experiment. This difference may be accounted for by the type of 
experiment and the length of time the experiment has been in operation. 

The effect of single fertilizer ingredients and combinations of single 
fertilizer ingredients, as reported in this study, have been stated with 
caution due to lack of replication of plots in the five-year rotation 
experiment. However, it W’^as hoped that year duplication would 
suffice in a manner to make the data valuable. The statistical 
analyses have indicated the results. Replicate plots in the continuous 
culture experiment showed some variation. The fact that all cereals 
from all experiments were not available the same season (year) no 
doubt caused variations in vitamin content w’hich cannot be properly 
evaluated statistically. It should be noted, however, that the results, 
while not always highly significant, are good indications of the effect 
of fertilizers on the vitamin B-complex of cereals as stated. 
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AMINO ACID CONTENT OF VARIOUS WHEAT VARIETIES 
L CYSTINE, LYSINE, METHIONIB®, AND 
GLUTAMIC ACIDi 

Byron S. Miller, J(tS.NN Y. Seiffe, J. A. Shellenberger, 
and G. D. Miller 

ABSTRACT 

Differences in “microbiologically apparent” cystine and methionine 
with respect to environment were observed for several varieties of hard red 
winter wheat grown during one crop year. No differences in lysine or 
glutamic acid with respect to environment were observed. Likewise, no 
differences among wheat varieties were found for either cystine, lysine, 
methionine, or glutamic acid. All values are based on total wheat protein. 
There was a significant difference in per cent cystine for samples grown in 
1946 and 1947. The wheat grown in 1947 contained the most cystine 
and also required longer mixing for optimum dough development. Thus 
there may be a relationship between per cent cystine and dough mixing time 
as influenced by environment. The longer mixing varieties tended to reflect 
a greater change in mixing requirement for a small change in cystine content. 

The nutritional value of wheat protein may be affected by environment 
due to variation in cystine and methionine content in the protein. 

The protein content of wheat is variable and may be affected by 
various environmental factors including soil type, fertilizer treatment, 
and weather. Little is known, however, concerning the relationship 
of these factors to the relative amino acid composition of the protein. 

1 Manuscript received October 13, 1949. 
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of Agriculture, and the Department of Milling Industry. Kansas State College. Published as Con¬ 
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The development of microbiological as well as highly specific colori¬ 
metric methods for amino acid assay has made practicable the estima¬ 
tion of the relative proportions of specific amino acids in natural 
products. Although the assessment of validity of the assays neces¬ 
sitates a considerable number of tests, the results lend themselves to 
statistical treatment. ^ 

Certain amino acids have received more attention than others. 
Greaves and Bracken (9) have shown that different varieties of wheat 
and wheal receiving various cultural treatments differ in both total 
sulfur and total nitrogen. These workers found a highly significant 
correlation between total sulfur and total nitrogen and obtained 
evidence that all of the sulfur in wheat is in the organic form. Gubler 
and Greaves (10) found a variation in cystine content between varieties 
as ^\ell as between wheats grown under varying cultural conditions- 
A positive correlation was observed between cystine and sulfur as well 
as between cystine and nitrogen content. Approximately 50% of the 
total sulfur of wheat was found to be in the form of cystine. Csonka 
(5) found that theTpTotein of Marquis wheat contained 1.43% cystine 
while Tenmarq and Fulhio contained 1.16 and 1.18% respectively. 
Little work has been reported on the influence of variety and environ¬ 
ment o§ the relative amino acid content of wheat proteins. 

Osborne and Mendel (16) concluded that ‘‘Wheat proteins con¬ 
sidered in their entirety are adequate for promoting normal growth 
if eaten in sufficient amount.** However, since the addition of animal 
protein to the diet greatly enhanced the value of the wheat protein for 
growth, a deficiency in certain amino acids was indicated. Csonka 
(5) has shown that wheal protein is very deficient in tryptophan. 
Other essential amino acids, notably lysine and methionine, are also 
present in rather small quantities (3). 

Although studies relating the baking quality of wheat to chemical 
constitution have not been fruitful, certain relationships may become 
apparent with further work. The present study was initiated to 
obtain information on the effect of wheat species, variety, and environ¬ 
ment on the C3’stine, methionine, lysine, and glutamic acid content of 
wheat protein. 

Materials and Methods 

Three sets of wheat samples selected from pure species and varieties 
were obtained for this study. One set (Table I) consisted of several 
wheat species from the 1946 crop grown at Sacaton, Arizona. The 
second set of samples (Table I) representing hard red winter wheat 
were composited by variety from the 1947 crop for both the Centra! 
and Southern Great Plains. The Southern district samples were 
composited from equal portions of wheat grown at Amarillo, Chilli- 
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TABLE I 

Wheat Samples Selected for Microbiological Assay 
OF THEIR Constituent Amino Acids 


Name 

Number 

%Proteini 

r. durum (Pentad) 

WHEAT SPECIES 

C. I. 3322 

17.8 

T. durum (Mindum) 

C. I. 5296 

15.0 

r. sphaerococcum 

C. I. 4923 

15.0 

T. dicoccum 

C. I. 7276 

18.1 

T, pyramidale 

P. I. 113398 

15.3 

T, orientale 

P. I. 68282 

15.4 

T, persicum 

P. I. 115817 

19.3 

T. polonicum 

P. I. 127087 

18.9 

HARD 

RED WINTER WHEAT 


Kharkof 

C. I. 1442 

14.92 1468 

Blackhull 

C. I. 6251 

14.9 14.2 

Tenmarq 

C. I. 6936 

15.1 13.4 

Pawnee 

C. I. 11669 

14.1 14.5 

Comanche 

C. I. 11673 

14.9 15.0 

Wichita 

C. I. 11952 

14.3 14.3 

Red Chief 

C. I. 12109 

14.2 14.2 


1 Dry weight basis (N X 5.7j. 
i Samples from the Southern District. 
* Samples from the Central District. 


cothe, and Denton, Texas, and Lawton and Stillwater, Oklahoma. 
The Central district samples were composited from equal portions of 
wheat grown at Akron, Colorado, Manhattan, and Colby, Kansas, 
Alliance, Lincoln, and North Platte, Nebraska. The third set of 
samples (see Table IV) consisted of five varieties duplicated for the 
1946 and 1947 crop years. These samples were composited by variety 
on the basis of similar protein content from many locations throughout 
the state of Kansas. 

Samples were prepared for assay by hydrolyzing finely ground one- 
gram samples (dry weight basis, weighed to d= 1 mg.) in an autoclave 
at 15 lbs. pressure with 25 ml. of hydrochloric acid. The hydrolysis 
vessels were 125 ml. Erlenmeyer flasks covered with inverted beakers. 
Optimum conditions for hydrolysis varied for different amino acids as 
is graphically illustrated in Fig. 1. For both lysine and methionine 
assay, hydrolysis for 10 hours with 2 N hydrochloric acid was used. 
For cystine, optimum results were obtained by 1-hour hydrolysis with 
4 N hydrochloric acid. Results obtained for cystine using 0.5 hour 
hydrolysis were low. (Not shown in Fig. 1.) For glutamic acid, 
maximum assay values were obtained by hydrolysis for five hours with 
6 N hydrochloric acid. The hydrolysates were cooled, adjusted to 
pH 6.8 ® with sodium hydroxide solution, diluted to 100 ml. volume, 
and filtered. 

> All pH adjustments were made using glass electrode equipment. 
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Microbiological methods of assay were employed throughout the 
study. These methods are suitable for obtaining comparative values 
and for analyzing a large number of samples at one time (Baumgarten 
et aLy 3). It is recognized that variable amounts of some amino acids, 
notably cystine (Riesen and coworkers, 18), are lost when heated in the 
presence of carbohydrates. To minimize this error all samples being 
compared were chosen for similarity of protein content and were 
hydrolyzed and analyzed simultaneously under similar conditions. 
The values reported, although not absolute, are nevertheless relative 
and adequate for indicating differences among samples. 

The organisms used in this study were Lactobacillus arabinosus 
17-5 and Leuconostoc mesenteroides P-60. These organisms were 




i 




Fis. 1. Effect of hydrolysis time and acid strength on the rate 
of amino acid liberation from wheat protein. 

obtained from the American type culture collection, Georgetown 
University School of Medicine, Washington, D. C. 

The general procedure for carrying out the assays was that used 
by Kuiken and coworkers (13). The tubes, after sterilization, were 
cooled, inoculated, and incubated at 36®C, for 72 hours. Titrations 
were completed with 0.10 N sodium hydroxide in the 22 X 175 mm, 
incubation tubes without centrifuging. One ml. (0.7 mg.) of brom- 
thymol blue in 25% ethanol was used as the indicator. Typical 
standard curves are shown in Fig. 2. 

Results from duplicate tubes and from all assay levels were averaged 
and reported as per cent of the total protein material present (dry 
weight basis). 


LYSINE 




i ‘ --A. h 

hydrolysis T»flE (HOURS 
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The composition of the complete medium and the stock solutions 
used for the assay of glutamic acid with Lactobacillus arahinosus were 
essentially the same as those used by Riesen and coworkers (17).^ 
The amounts of 1-lysine and dl-threonine were decreased to 1 mg. per 
tube while 2 mg. of dl-tryptophan, 2 mg. of dl-glycine, 1 mg. of 1- 
proline, and 1 mg. of dl-serine were added per assay tube. The 
quantities of purines and pyrimidine were doubled, while choline and 
inositol were omitted from the medium. As suggested by Lyman and 




Fig. 2. Typical standard curves for the determination of methionine, cystine, glutamic acid, and 
lysine. Titration values are tor the entire 10 ml. culture. The incubation time vtis 72 hours and tiic 
incubation temperature 3b°C. 


coworkers (14) glutamine was added to the medium in the proportion 
of 0.25 mg. per assay tube. Sigmoidal growth curves were obtained 
unless the glutamine was present in the medium. 

The composition of the synthetic medium used for the assay of 
lysine with Leuconostoc mesenteroides was essentially the same as 
Medium C used by Dunn and coworkers (6). Hydroxyproline, 
norleucine, and norvaline were omitted from the medium. 

* Certain changes in the basal medium for the assay of glutamic acid as well as for the other amino 
acids studied were made in order to obtain better growth curves under the conditions of the experiment 
and for purposes of standardization of the stock solutions. 
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The medium used for the microbiological assay of methionine using 
Leuconostoc mesenteroides as the test organism was a modification of 
that used for the determination of lysine. Hydrogen peroxide-treated 
peptone was prepared as described by Lyman et al, (15). The treated 
peptone solution was substituted for the pure amino acids with the 
exception of tr^^ptophan, t^Tosine, and cystine, which were added to 
the medium in the same quantities as used for the lysine anal^^sis. 
Xanthine was included using 12 mg., per liter of basal medium. 

Leuconostoc mesenteroides was selected as the most suitable organism 
for the microbiological assay of cystine (Riesen and coworkers, 18). 
The medium was the same as that used in the determination of 
methionine, with two exceptions. The amounts of glucose and sodium 
acetate used in the medium were halved. Cystine was omitted from 
the medium and methionine was added in the same quantity as used in 
the assay for lysine. 

Results and Discussion 

The percentage of glutamic acid in several wheat species was 
determined to ascertain the desirability of continuing similar work on 

TABLE II 

Summary of Microbiological Assay Data and Analyses of Variance 
OF THE Per Cent Glutamic Acid Present in the Total 
Protein of Eight Wheat Species 


Per cent glutamic acid in protein {N X 5.7) on dry basis 


Vsis 

No. 

ysis 

No. 

T, 

dut urn 
(Pentad) 

T, 

durum 

(Mindum) 

T. 

sphaero- 

coccum 

r. 

dj- 

coccum 

r. 

ramidale 

T, 

orientale 

T, 

per- 

sicum 

T, 

P(h 

lonicum 

Aver¬ 

age 



% 

% 

% 

% 

% 

% 

% 

% 

% 

1 

1 

32.2 

30.4 

28.5 

33.1 

28.6 

31.9 

31.0 

32.2 


2 

1 

37.4 

35.3 

28.9 

32.7 

29.7 

29.8 

31.9 

34.1 


3 

1 

33.3 

31.6 

29.3 

33.4 

29.2 

30.9 

32.6 

33.3 


Average 

34.3 

32.4 

28.9 

33.1 

29.2 

30.9 

31.8 

33.2 

31.7 

1 

1 

32.2 

30.4 

28.5 

33.1 

28.6 

31.9 

31.0 

32.2 


1 

2 

35.7 

33.2 

29.8 

34.3 

28.7 

31.9 

32.3 

33.3 


1 

3 

32.5 

32.6 

29.8 

32.7 

30.2 

32.6 

32.5 

35.0 


Average 

33.5 

32.1 

29.4 

33.4 

1 

29.2 

32.1 

31.9 

33.5 

31.9 


ANALYSES OF VARIANCE 


Source of vaxiation 

Degrees of 
freedom 

Mean squares 

Species 

Error (One analysis on each of three hydro¬ 

7 

11.307** 

lysates) 

16 

2.159 

Species 

7 

9.0S7*** 

Error (Three analyses on one hydrolysate) 

16 

1.352 


Significance exceeds the 1% level. 
*** Significance exceeds the 0.1% level. 
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wheat varieties. A summary of assay data and the analysis of 
variance are shown in Table II. No significant differences were found 
between single analyses on each of three different hydrolysates and 
triple analyses on one hydrolysate. The differences in percentages of 
glutamic acid present in the wheat species tested were statistically 

TABLE III 

Summary of Microbiological Assay Data and Analyses of Variance 
OF THE Per Cent Glutamic Acid, Methionine, Cystine, and 
Lysine Present in the Total Protein of Seven 
Composited Wheat Varieties Grown in 
Two Widely Different Areas 




Per cent of amino acid in protein (NX5.7) on dry basis* 

Variety 

Protein! 

1-Glutamic 

add 

1-Methionine 

1-Cystine 

1-L>8ine 


southern district 



% 

% 

% 

% 

% 

Kharkof 

14.9 

32.5 

1.37 

2.10 

3.40 

Blackhull 

14.9 

33.1 

1.33 

2.18 

3.16 

Tenmarq 

15.1 

32.9 

1.36 

2.13 

3.30 

Pawnee 

14.1 


1.43 

2.19 

3.18 

Comanche 

14.9 

33.5 

1.41 

2.19 

3.12 

Wichita 

14.3 

33.3 

1.37 

2.14 

3.16 

Red Chief 

14.2 

33.2 

1.44 

2.17 

3.07 

Mean for Southern 
District 

14.6 

32.9 

1.39 

2.16 

3.20 


central district 


Kharkof 

14.6 

33.3 

1.43 

2.26 

3.39 

Blackhull 

14.2 

32.7 

1.45 

2.43 

3.33 

Tenmarq 

13.4 

33.5 

1.54 

2.47 

3.41 

Pawnee 

14.5 

32.8 

1.46 

2.37 

3.21 

Comanche 

15.0 

33.9 

1.42 

2.35 

3.21 

Wichita 

14.3 

32.8 

1.44 

2.36 

3.15 

Red Chief 

Mean for Central Dis¬ 

14.2 

32.2 

1.49 

2.43 

3.30 

trict 

14.3 

33.0 

1.46 

2.38 

3.29 

Mean for both districts 


33.0 

1.43 

2.27 

3.25 


Analyses of Variance 


Source of variation 

Degrees of 
freedom 

Mean square 

Glutamic add 

Methionine 

Cystine 

Lysine 

Variety 

6 


0.003 

0.007 


District 

1 


0.040*** 

0.350*** 


VXD 

6 


0.003 

0.005 


Error 

14 

0.011 

0.002 

0.017 

m 


^ Moisture-free basis. 

> Mean for two separate analyses. Both hydrolysis and analyses of all varieties were performed 
simultaneously for each amino acid. 

Significance exceeds the 0.1% level. 
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significant. It is possible that this is the result of differences in the 
relative proportions of the various protein types present in the wheat. 

Based on the results obtained for glutamic acid in different wheat 
species, the work was extended to include the determination of four 
amino acids in seven hard red w'inter wheat varieties composited from 
samples grown in widely different areas. Data expressing the per¬ 
centage of glutamic acid, methionine, cystine, and lysine present in the 
total wheat protein are recorded in Table III. A summary of the 
statistical analyses of these data is also shown in Table III. Differ¬ 
ences in methionine, cystine, glutamic acid, and lysine among varieties 
were nonsignificant. Highly significant differences, however, were 
found for the methionine and the cystine content of varieties grown 
in different districts of the Great Plains area. The percentage of both 
sulfur-bearing amino acids in the wheat protein was consistently 
higher for all the varieties grown in the Central district. The simi¬ 
larity of the protein content for the samples obtained in the two 
districts (Table III) probably precludes the variation in the carbo¬ 
hydrate moiety as a factor in accounting for the differences found for 
the two districts. 

It was thought that this difference among the samples from the 
two districts might be due to a greater quantity of available sulfur 
in the soils from the Central district. An analysis for sulfate in the 
soils obtained from the locations where the wheat samples were grown 
revealed that the average sulfate concentration per liter of saturation 
extract of the soils from the Southern and Central districts amounted 
to 0.007S and 0.0178 milli-equivalents, respectively. Further studies 
involving the analysis for methionine in eleven samples of Comanche 
and Red Chief wheat grown in each of the eleven stations within the 
Southern and Central districts (1947 crop) revealed no significant 
correlation between per cent methionine and the sulfate concentration 
in soil samples obtained from the respective stations. It would appear, 
therefore, that environmental factors other than available soil sulfate 
resulted in the significant differences in methionine and cystine re¬ 
corded in Table III. Differences in per cent methionine for the series 
of eleven samples representing Comanche and Red Chief wheat were 
significant for both station and variety. Further study of the factors 
governing this condition merits serious attention. 

The assay values for cystine and the dough mixing time for five 
varieties of winter wheat grown during two crop years are summarized 
in Table IV. The wheat proteins contained significantly more cystine 
in 1947 than in 1946 and the flour from the 1947 samples also required 
longer mixing than did the corresponding flour samples from the 1946 
crop. Thus, there may be a relationship between mixing time and 
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TABLE IV 

Summary of Microbiological Assay Data, the Analysis of Variance 
OF THE Per Cent Cystine based on Total Wheat Protein, 
and Flour Mixing Time for Five Variety Composites 
OF \A’he\t Grown in 1946 and 1947 


Crop \ear j 

i 

\'anetv 

Average 

Tenmarq 

1 Comanche 

1 

E. Blackhull 

Pawnee | 

Red Chief 

CYSTINE 'PER CENT OF TOTAL WHEAT PROTElN)i 

1946 





2.42 

2.48 

2.45 

1947 




I 

2.55 

2.80 

2.64 



FLOUR MIXING TIME 

(MIN.) 





2.8 

1 1 

1 1.4 


1.2 

1 2.2 * 

2.0 



2.8 

1 

1 


2.3 

2.6 

2.5 


Analysis of \ ari\nce for Cystine 


Source of 

1 

Degrees of 

Mean 

\ ariation 

freedom 

squares 

Variety 

4 

0.033 

Year 

1 

0.273'*' 

vxv 

4 

0.016 

Error 

20 

0.044 


*** Significaace exceeds the 5% level. 

»Per cent cystine in protein (N X 5.7) on dry basis. Each value is the average of three separate 
analyses, each performed simultaneously for all \’arietie8 grown in both years. 


TABLE V 

Comparison of Microbiological Values with Those Cited 
IN the Literature ^ 


Amino acid 

1 

1 

j Mean ol niicrobio> 
logical values 
'all varieties)^ 

Literature values 


Microbiological values 

Chemical values 


1 



Cystine 

2.27 

1.91 ri) 1 

1.4 ±0.3 (4) 
2.85 (7) 

Glutamic acid 

[ 33.0 

35.75 (14) 

. 32.4-26.4 (2)3 

Lysine 

1 

1 3.25 

1 1 

1 3.18 (19) 

3.07(11 

1 2.74 (12) 

1 2.70 (3) 

2.91 (4) 

Methionine ' 

' 1.43 

1 1.32 (19) 

1 1.4S (1) 

1 2.81 (17) 

1.28 (IS) 

1 1.08 (11) 

1.35 (3) 

2.19 (4) 

1.34 (11) 

2.74 (7) 

2.19 (8) 

1.26 (5) 


* Expre^Kl as per cent of the total protein (X X S.7) on dri' weight basis. 

* Data from Table III. 

> Depending on the organism employed. 
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per cent cystine (based on total wheat protein) as influenced by en¬ 
vironment. The two samples of Comanche wheat which possessed 
the same optimum mixing time also contained the same percentage 
of cystine based on total wheat protein. The longer mixing varieties 
tended to reflect greater change in mixing requirement for a small 
change in cystine content. Further work relating cystine content and 
mixing requirement is in progress. 

The reproducibility of the microbiological assay values is illustrated 
in Table II. The values obtained for all four amino acids are in line 
with chemical and microbiological assay values for wheat reported in 
the literature (Table V). The variations among reported values may 
in part be accounted for by sample variation. The present work 
indicates that the methionine and cystine content of wheat protein 
may vary significantly. 
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CAKE PROPERTIES IN RELATION TO FLOUR 
PARTICLE SIZE FRACTIONS ^ 

J. A. Shellenberger,- F. W. Wichser,® and R. C. Lakamp^ 

ABSTRACT 

Patent, straight, and clear grade flours milled from an Ohio soft red 
winter wheat were fractionated into three particle size groups measured by 
diameters of 31 ti or less, over 31 up to and including 53ju, and larger than 
53/4. Differences in granulation of the three flour grades were minor, but the 
quantity of coarse material increased as the flour grade decreased. 

The properties of the different particle size fractions from each grade 
of flour varied widely. The 0-37/t fractions for each flour were lowest in 
protein, ash, and viscosity and produced the best cakes. The fractions 
containing the largest sized particles were intermediate in protein and ash 
content, had the highest viscosity, and produced the poorest cakes. The 
37-53/4 fractions were highest in protein and ash content, and intermediate 
in ^*iscosity and cake baking quality. 

Wichser and Shellenberger (6, 7, 8) have reported pre\dousIy on 
comparative granulation studies of flour produced from three classes 
of wheat. Various chemical and physical tests, including baking 
response, were reported for the different particle size fractions. How¬ 
ever, only one soft wheat was tested and the cookie test was the only 
baking test applied. The present study expands the flour granulation 
research by including cake baking tests of several flour fractions from 
three grades of soft wheat flour. 

Materials and Methods 

Patent, straight, and clear grade cake flours were milled from the 
same Ohio soft red winter wheat. All samples were bleached with 

i Manuscript recaved October 24, 1949. Presented at the annual meeting. May 1949. 
Contribution from the Kansas Agricultural Experiment Station, Manhattan, Kansas, and the 
Kroger Food Foundation, Cincinnati, Ohio. Contribution No. 174, Department of Milling Industry. 

* Professor of Milling Industry, Kansas State College, Manhattan. Kansas. 

».J^ociate professor of Milling Industry, Kaxisaa State College, Manhattan, Kansas. 

* The Kroger Food Foundation. Cincinnati. Ohio. 
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TABLE I 

Analysis of Soft Wheat Flour Particle Size Fractions^ 


Flour grade 

Flour fraction 
size- 

Protein 

Ash 

pH 

Viscosity 


microns 


% 


°MacM. 

Short patent 

Control 

7.5 

0.33 

5.0 

28 

0-37 

6.5 

.32 

5.0 

19 


37-53 

9.1 ' 

' .37 

5.0 

78 


>53 

8.7 

.33 

5.0 

81 

Straight 

Control 

7.6 

.30 

5.1 

25 

0-37 

6.7 

.37 

5.1 

17 


37-53 

9.2 

.46 

5.1 

60 


>53 

9.1 

.40 

5.1 

8^ 

Clear 

Control 

7.7 

.49 

5.2 

20 


0-37 

6.9 

.46 

5.2 

13 


37-53 

9.2 

.57 

5.2 

45 


>53 

9.0 

.52 

5.2 

95 


1 Results reported on 14% moisture basis. 

* 0-37m inclusive, over 37jli up to and including 53 m. and over S3 m. 


a commercial preparation containing benzoyl peroxide and chlorinated. 
The pH values are shown in Table L 

The flours were separated into three fractions based on particle size 
using Tyler wire screens and a Ro-Tap shaker as described by Wichser 

TABLE II 

Cake Baking Formula and Mixing Procedures 


Percentage 

Ingredients based on flour 


Mixing procedure^ 


% 

Fiour 60.0 

Emulsified shorteninaj 40.0 


'Mix for 1.5 min. at 62 rpm. Mix for 
1 min. additional time at 128 rpm. 
Scrape down and continue to mix for yi 
^min. and again scrape down. 


Water 

45.0 

Sugar (sucrose) 

125.0 

Flour 

40.0 

Salt 

2.5 

Baking powder 

5,5 

Milk solids (fat-free) 

15,0 

Phosphate (V-90) 

0.5 


Eg^ white 60.0 

Water 40.0 


Add all the water. Then add the 
blended and sifted dry material. Mix 
for 2 min. at 62 rpm. Scrape down. 
Continue mixing at same speed for 1 
additional minute. 


'Mix egg whites and TOter, adding one- 
half of the mixture gradually during a 
period of 1 min. at 62 rpm. Scrape 
down. Mix an additional minute at 
same speed. Add balance of liquid 
gradually during 1 min. at 62 rpm. 
Scrape down. Slix 3 min. at 62 rpm., 
then finish mixing at 128 rpm. for H 
[min. 


1 Kitchen Aid Model G mixer equipped with 4^uart bowl was used. 
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Fig. 1 Gr ipiilatioii cunes ot patent straight, and clear grade, soft \%heat flours 
0-17/i mclusue, o\ei 37^ up to and including S3|i, and over 53m*) 


and Shellenberger (6, 7, 8). The analyses of the original flours and the 
flour fractions are shown in Table I. 

Viscosity determinations were made on acidulated flour-water 



Fig. 2. Viscosity curves of particle size fractions from patent cake flour. 
C0~37m indudve, over 37|i up to and including 53/1, and over 53m*) 
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suspensions using the MacMichael viscosimeter as described in Cereal 
Laboratory' Methods, Sth ed. (1). 

Cake baking tests were conducted using a commercial white cake 
formula. The ingredients and the mixing procedure are recorded in 
Table II. The batters (400 g.) were placed in round, 8 X 1.5 in. 
pans» and baked for 25 min. at 37S®F. 



Results 

Granulation of Cake Flours. The granulation curves for the three 
flours are shown in Fig. 1, using the cumulative direct plot diagram (6). 
The proximity of the curves indicates that the differences in granula¬ 
tion were slight between the patent, straight, and clear grade flours 
milled from the same wheat blend. All three flours were finely ground, 
compared with hard wheat flours, as is shown by the fact that less than 
40% of the flour particles fail to pass through a No. 400 Tyler wire 
screen. Approximately 70% of the usual hard wheat flour fails to 
pass through a No. 400 screen. 

Although the granulation curves for the three flours are similar, the 
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curves show that for each particle size fraction the amount of coarser 
material increases as the flour grade decreases. 

Ash and Protein in Cake Flour Fractions, The same relationship 
between particle size, ash, and protein exists as has been reported 
previous^’ for soft wheat flour (6, 7j. The smallest particle size group 
((>-37 m) is lowest in ash and protein. The intermediate particle size 
fraction (37-S3/x) is highest in both ash and protein. The flour fraction 
containing particles larger than 53/i is intermediate between the other 
two groups in ash and protein content. In contrast to the results ob¬ 



tained with hard wheat flour (8) in which the small particle size fraction 
(0-37n) was low in protein but high in ash, the soft wheat flour fractions 
show a direct relationship throughout between ash and protein. 
Fractions highest in protein were found to be highest in ash. 

Viscosity of Cake Flour Fractions, The relationship between Mac- 
Michael \’iscosity and flour particle size for the three flour types is 
illustrated graphically in Figs. 2, 3, and 4. Viscosity increased greatly 
with increase in flour peirticle size. In every case the smaller particle 
size fraction (0-37^) had the lowest viscosity while the .largest particle 
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size fraction had the highest viscosity. Since approximately 60% 
of the flour consisted of the 0-37/4 fraction, it would be expected that 
the viscosity of the original flour (control) would be similar to the curve 
for the smallest size particle group. The expected greater buffering 
effect (3) of higher ash flour is apparent in the clear flour measurements. 

There was an apparent relationship between viscosity readings 
and the quality of the cakes produced from the different flour fractions. 
With one exception the low viscosity flour fractions produced the best 
cakes. 

Cake Baking Tests, The results of the baking tests are recorded 
in Table III and photographs of the cakes are shown in Figs. 5, 6, and 
7. For all three flour grades the fractions containing particles within 


TABLE III 

The Effect of Flour Pvrticle Size on the Quality of Cakes 



Flour 

tractions' 


Cake grading characteristics 


Flour 

grade 

Volume 



Gram 

and 

texture 

Crumb color 

Rank 

Patent 

microns 

Control 

ml, 

980 

tu, 

2 7/8 

H 

4 

Good 

4 


0-37 

1100 

3 5/16 

1 

1 

Bright 

1 


37-53 

1050 

3 1/8 


2 

Gray 

2 


>53 

1000 

3 


3 

SI. gray 

3 

Straight 

Control 

1005 

3 


2 

Bright 

2 

0-37 

1070 

3 1/4 

1 

1 

Bright 

Dufl 

1 


37-53 

1040 

3 1/8 

3 


3 


>53 

983 

3 

4 

' 4 

Dull 

4 

Clear 

Control 

985 

2 11/16 

4 

2 

SI. dull 

2 


0-37 

1108 

3 1/4 

1 

1 

SI. bright 

1 


37-53 

1030 

3 1 

2 

3 

SI. gray 

3 


>53 

1 

1013 

2 13/16 

3 

4 

Gra>^ 

1 

4 


1 0-37a< inclusive, over 37/1 up to and including 53/*, and over 53/*. 

2 Volume index obtained by slicing layer in half and placing the two halves one on top of the othhr. 
The m^urement is the thickness at the center of the two half slices of cake. A top ciuaiity cake 
should measure 3 K in. in height. 

the size range of 0-37/4 produced the best cakes and were ranked No. 1. 
It is evident in these studies that cake quality improved with a decrease 
in particle size. This corroborates the work of Schreck and Gerrits 
(5) and Alexander (2). The only exception to this observation was 
the patent grade for which the unfrax:tionated flour produced less 
satisfactory cakes than did any of the fractions from the same sample- 
Since all particle size groups of the short patent flour produce good 
cakes, uniformity of particle size may be more important than particle 
size. Kress (3) has stated that for bread baking purposes the more 
uniform the granulation the better the baking quadity, and Patterson 



















112 


LKKE PROPERTIES \ S FLOUR PARTICLE SIZE 


\ol ’ 



5 


Cakcb made irom pattiit grade flour tractions* mdu8i\e over 

37tt up to and including 53/1 and over 53/i) 
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Fig 7 Cakes made from clear grade flour fractions. (0-37;* mclusue. 
over 37/1 up to and mdudmg 53/i, and over 53/i) 


(4) has indicated that the cake-making qualities of a flour \\ere 
dependent on uniformly fine division of the flour particles. 

The studies dealing with three grades of soft red winter wheat 
flour showed that the cake baking properties of the flour fractions im¬ 
proved with a decrease in particle size and a decrease in viscosity. 
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THE IN VITRO DIGESTIBILITY OF RAW AND HEAT- 
PROCESSED SOY PRODUCTS VARYING IN THE 
NUTRITIVE VALUE OF THE PROTEIN i 

Morsis Simon - and Daniel Melnick- 
ABSTRACT 

The susceptibility of the protein in commercially available soy products 
to in vitro enzymic digestion has been compared with the nutritional value 
obtained by animal assay methods, using soy products in various stages of 
heat-processing. These consisted of: (1) dehulled soybeans, (2) unheated, 
defatted soy flakes, (3) mildlj^ heat-processed soy flour, (4) soy flour, opti¬ 
mally heat-processed with respect to the nutritional quality of the protein, 
and (5) an over-heat-processed flour experimentally produced for the present 
study. 

The presence in raw soy products of a naturally-occurring proteolytic 
factor interfered with the in vitro digestion technique by acting synergisti- 
cally with the pancreatin employed in the test. However, poor correlation 
was obtained between the nutritive data and the in vitro digestibility values 
for the protein in the soy flour samples, even when the interfering factor 
was inactivated. Large increases in the efficiency with which the protein in 
the soy products was utilized by the test animals were associated with only 
small increases in in vitro digestibility. However, in the case of the sample 
which had been purposely overheated, a large increase in the susceptibility 
of the protein to in vitro digestibility has been noted, and this is associated 
with only a small decline from the optimum nutritive value. 

The nutritive value of the protein in soy products can be markedly 
increased without appreciably affecting antitryptic activity. The findings 
supplement but do not contradict earlier reports in the literature pointing 
to an inverse correlation between the protein value of soy products and anti¬ 
tryptic potency. 

The improvement in nutritive value of soybean protein, effected 
by heat tr^tment in the presence of water, has been demonstrated by 
numerous investigators in laboratory feeding experiments with chicks 
(18), mice (33), and rats (20). Various suggestions have been offered 
to explain this increase in the biological value of the proton. A 
substance capable of inhibiting the activity of trypsin was found in 
raw soybean oil meal by Ham and Sandstedt (15) and by Bowman (8). 
This substance was later crystallized by Kunitz (22) and shown to be a 
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protein. The naturally-occurring tiy’psin inhibitor has been held to 
be largely responsible for the interference in the biological utilization 
of the protein. Addition of the inhibitor to otherwise adequate diets 
was shown to impair the growth rate of chicks (16) and of rats (20). 
That the inhibitor is destroyed or rendered inactive by heat has been 
demonstrated in both in vivo (20, 32, 33) and in vitro (7, 33) ex¬ 
periments. 

It was emphasized by RIelnick and associates (27) that the increase 
in nutritive value of the protein resulting trom heat treatment was 
accompanied by an increase in the susceptibility of the protein to in 
vitro pancreatic digestion. In support of their findings, Evans ( 12,14), 
using trypsin or trypsin and erepsin, Jones (19), using trypsin, and 
Riesen et al, (30), using pancreatin, observed that a marked increase 
in in vitro digestibilit>" occurred when soybean oil meal was autoclaved 
or cooked in water. Harte (17), using egg white, in which the existence 
of a trypsin inhibitor has been conclusively demonstrated (2, 24), 
found that the heat-coagulated material was rapidly digested in vitro 
by pancreatin while the unheated material showed no significant 
digestion even after 24 hours. In casein, however, where heating was 
known to impair the nutritive value of the protein, its susceptibility 
to in vitro enzymic digestion was found to be concomitantly decreased 
(4, 29). 

The present investigation is part of an over-all study, undertaken 
to characterize soy products used as such or as ingredients in food 
formulations for human feeding. The paper (25) preceding this one 
is concerned with an evaluation of the functional (utility) properties 
of the protein in commercially available soy products, with special 
emphasis on curd-producing capacity. The current study was de¬ 
signed to determine the relationship between the nutritive value and 
in vitro digestibility of the protein, and to determine therefrom the 
suitability of the in vitro digestion technique as an objective test 
procedure for characterizing soy products with regard to nutritive 
properties. 

Materials and Methods 

The soybean flours employed in this study were all prepared from 
the same batch of soybeans and were representative of raw and heat- 
treated commercial products. These samples were furnished by the 
Soya Food Research Council, Soy Flour Association. The products 
consisted of: (1) dehulled soybeans, (2) unheated, solvent-extracted 
soy flakes, (3) bakery-type soy flour, mildly heated in order to eliminate 
the bitter qualities of the raw iJean but not sufficiently heated to 
seriously impair its functional properties, (4) a product optimally heat- 
processed with respect to the nutritive value of the protein, and (5) 
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an overheated product experimentally produced for the present studj. 
Samples 2, 3, 4, and 5, commercially solvent-extracted, were ground 
and sifted through a No. 100 U. S. Standard sieve. Sample 1, the 
dehulled soybeans, was first ground through a sieve with openings 
1 mm. in diameter, defatted with Skellysolve B, and finally ground to 
pass a No. 100 sieve. 

Special equipment was employed in the commercial preparation 
of sample 2, in order to keep at a minimum the heat involved in solvent 
extraction of the oil and subsequent removal of the solvent from the 
product. In the case of sample 3, the bakery-type soy flour, the amount 


TABLE I 

Intluence of He at-Processing on the Properties of Commercially 
PROD ncED Soybean Prodl’cts ^ 


Sample/number and 
description 

Unextracted 

dehulled 

soybeans 

' 2. ; 
Solvent 
extracted, 
unheated 

3. 

Solvent 

extracted, 

bakery 

type 

j 

4. 

Solvent 

extracted, 

optimally 

heated 

5. 

Solvent 

extracted, 

overheated 

Moisture, % 


7.3 

7.2 

6.4 

4.2 

Fat, % 


0.9 

0.6 

0.6 

0.4 

Total protein, % 


52.1 

53.6 

54.1 

55.5 

Water soluble protein, 






% of total 

76.7 

83.1 

65.5 

22.S 

6.2 

/S-amylase* (®Lmtner)^ 

110.0 

135.0 

5.4 


2.7 

Urease activit^^ (in¬ 
crease in pH) 

1.75 

1.90 

1.70 

0.2 

0.05 

Protein efficiency 
gained/g. protein 

consum^) 

0.65 

0.79 

1.52 

1.96 

1.78 


1 Samples'and data were supplied by Dr. J. W, Hayward, Archer-Daniels-Midland Co. Minneapolis, 
IMinnesota, acting in behalf oi the Soya Food Research Council, Soy Flour Association. .\li samples 
•were from the same batch of soybeans. 

s Modified procedure of the A.O.A.C., 6th ed. (1945). The /^-amylase activity is determined by its 
hydrolytic action on starch. The maltose produced is measured by the reduction of a standard solution 
ot potassium ferricyamde. 

* Procedure of Caskey, C. D., and Knapp, F. C., Ind. Eng. Chem., Anal. Ed. 16: 640 (1944). The 
increase in pH is due to the liberation of ammonia from urea by the action of urease. 


of heat used was the least necessary, within the limitations of con¬ 
ventional equipment, to eliminate the bitter qualities of the material. 

The data presented in Table I are indicative of the degree of heat 
treatment to which the samples were exposed during commercial 
processing. The insignificance of the heat involved in the preparation 
of sample 2, the raw product, is evidenced by the retention of all its 
heat-labile properties. The mild heat treatment accorded sample 3, 
the bakery-type product, is manifested by its having suffered only a 
slight loss in urease activity and in water solubility of the protein. 
Caskey and Knapp (9) and Bird et al, (3) concluded from the results 
of their studies of the effect of heat on the urease activity and nutritive 
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value of the soybean protein that an increase in pH of 1.0 or more in 
the urease test employed by them indicated that the soybean meal 
had been inadequately heated to attain optimum nutritive value of the 
protein. jS-amylase, on the other hand, because of its extreme heat- 
lability, is rapidly inactivated even at relatively low temperatures (10 j, 
and cannot adequately be employed to distinguish products that have 
been heated mildly from those which have been more severely heated. 
It will be observed that the protein solubility of the optimally heated 
product has been considerably reduced, while that of the excessively 
heated product has been almost entirely eliminated. The urease and 
j5-amylase activity of both products are negligible. 

In Vitro Digestibility, The susceptibility of the protein to in 
vitro enzymic digestion was determined according to the procedure 
of Melnick and associates (27, 28). A sample containing 6 gm. of 
protein {N X 6.25) was suspended in 50-60 ml. of water and the pH 
adjusted to 8.4. Thirty ml. of 0.075 M phosphate buffer solution ‘ at 
the same pH were then added to the suspension and the volume 
brought to 130 ml. with water. Following the addition of 20 ml. of the 
buffer solution containing 200 mg. of U.S.P. pancreatin,® the suspension 
was thoroughly mixed, covered with 10 ml. of toluene, and incubated 
at 37°C. Five ml. aliquots of the enzymic digests were withdrawn at 
fixed intervals and the degree of hydrolysis determined by the increase 
in formol titratable nitrogen. The titration values for the undigested 
materials were determined on aliquots of similarly prepared samples 
to which heat-inactivated pancreatin had been added. The maximum 
formol titration values were obtained on acid hydrolysates of the 
samples.® The degree of hydrolysis at a given interval was expressed 
as the increase in the formol titratable nitrogen at that interval, 
divided by the maximum increase in this value (i.e., the figure for the 
acid hydrolyzed sample). The value thus obtained multiplied by 100 
gave the per cent hydrolysis. 

Antitryptic Activity. The inhibitor potency of the soy products 
was determined by a modification of the procedure described by West- 
fall and Hauge (33). This method involves the measurement of the 
ability of the anti-tryptic factor contained in the soy flour to retard 
the in vitro pancreatic digestion of casein. Twenty ml. of 0.5% 
pancreatin suspension buffered at pH 8.3 were pipetted into a glass- 
stoppered Erlenmeyer flask which was then placed in a 37®C. water 
bath. Five ml. of 0.5% buffered flour suspension were then added to 
the pancreatin, followed in exactly 5 minutes by 25 ml. of 4% sodium 


* 7S0 ml. of M/S KHjPOi plus 144 ml. of 1 M NaOH dUuted to 1,000 ml.; pH S.4. 

6 Purchased from Central Scientific Co., Chicago, Ill. ... 

• A sample containing 6 gm. of protein was rrouxed for 24 hours with 8 N HsSOt. The hydrol¬ 
ysate was cooled, neutraEeed. and mluted to 150 ml. Aliquots were withdrax^m, buffer added to the 
same concentration as in aliquots of the enzymic digests, and assaj'ed by formol titration. 
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caseinate solution similarly buffered. Aliquots were withdrawn at 
specific intervals and the liberated amino nitrogen was measured by 
the formoi titration technique. Corrections were made for the initial 
formol titratable nitrogen and that contributed by the inhibitor 
carrier, in this case the soy flour. The increase in formol titration was 
plotted against time of digestion and the relative velocity constant 
calculated from the reciprocal of the time required to decompose a 
fixed quantity’ of substrate. Inhibition was expressed as the per cent 
decrease from the relative velocity constant obtained when casein 
digestion was unretarded. Details of the procedure will be published 
at a later date. 

Protein Efficiency. The nutritional data presented here were 
supplied by Mr. Ralph Holder of the Central Soya Company, Decatur, 
Indiana. Diets containing the soy products as the source of protein 
were fed ad Ubitinn to duplicate groups of five weanling male albino 
rats of the Sprague-Dawley strain for a period of eight weeks during 
which food consumption and body weight changes were recorded at 
regular interv'als. The ration furnished approximately 11% protein 
{N X 6.25). Protein efficiency was expressed as the grams of weight 
gained per gram of protein consumed. In addition to the protein 
contributing component, the composition of the basal diet was as 
follows: 10% sucrose; 3% ruffex; 4% salt mixture (Wesson Modifica¬ 
tion of the Osbome-Mendel salt mixture) (31); 2% 400-D/2,000-A oil, 
with 1.25 mg. a-tocopherol added per g. of oil; 1% condensed fish 
solubles; 2% vitamin mixture; an amount of soybean oil sufficient 
to make 10% when added to the oil present in the test sample; corn 
starch to make a total of 100%. The vitamin mixture supplied per 
100 g. of feed: 400 /ig. thiamine; 400 fcg. riboflavin; 400 jug. pyridoxine; 
3.5 mg. niacin; 1.1 mg. calcium pantothenate; 7.5 mg. para-amino 
benzoic acid; 30 mg. inositol; 200 mg. choline chloride; and 400 jug. 
menadione. 1% of condensed fish solubles (50% solids) were used 
to supply the unidentified growth factors. 

Results and Discussion 

The results obtained in the digestibility and anti-tryptic activity 
tests are presented in Table II, together with the nutritional values 
(efficiency of protein utilization) for the five samples. 11 will be noted 
that the mild heat treatment employed in processing the bakery-type 
flour has produced no measurable loss in its in vitro anti-tryptic 
activity. The nutritional value, on the other hand, has been consider¬ 
ably improved. In the optimally heated sample, the large increase 
in protein efficiency was accompanied by a marked decrease in anti- 
tryptic activity. However, in the case of the so-called “overheated'’ 
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sample, where the anti-tryptic activity has been still further reduced, 
efficiency of protein utilization has not been improved; actually, a 
slight decline from the optimum resulted. The impairment in bio¬ 
logical value of the protein due to excessive heating has been attributed 
to a loss in the biological availability of lysine (5, 11, 26, 29) and 
methionine (13, 21). In their studies of the heat destruction of the 
soybean inhibitor as related to the heat destruction of urease, Borchers 
et al, (7) observed that the inhibitor survived longer periods of heating, 
at atmospheric and elevated pressures, than did urease. They re- 

TABLE II 

The /V VITRO Digestibility, Anti-Proteolytic Activity, and Nt'tritive 
Value of Commercially Av.vilable Soybean Flours 
IN Various Stages of Heat-Processing 


Sample 

Extent of hydrolysiai 

Anti- 

proteolytic 

Protein 

efficiency* 

After 

1 day 

After 

2 days 

After 

5 days 

activity* 
(per cent 
inWbition) 

1 

Raw flour 

% 

% 

% 


gms. gained/ 
gms. consumed 

12 

16 

22 

57 

0.65 

2 

Raw flour 

12 

15 

20 

57 

0.79 

3 

Bakery-type flour 

6 

9 

' 15 

57 

1.52 

4 

Optimally heated flour 

13 

19 

23 

33 

1.96 

5 

Overheated flour 

16 

20 

29 

15 

1.78 


^ Based upon the ability of the proteolytic enzymes in the test system, containing a suboptima 
quantity of added pancreatin, to dig^t the soybean protein. 

* Baaed upon the ability of the soybean inhibitor to retard the in vitro pancreatic digestion of casein. 

»Eight weeks* rat growth assays conducted by Mr. Ralph Holder of the Central Soya Co., Decatur. 
Indiana; the ration furnished approximately 11% protein {N X 6.25). 

ported that the urease test could not be employed as a reliable index 
for the adequacy of heat treatment for the destruction of the inhibitor. 

Poor correlation has been obtained between the protein efficiency 
data and the in vitro digestibility values for the protein in the soy flour 
samples. Large increases in the efficiency with which the soy products 
are used by the test animals are not associated with an increase but 
with an apparent loss of susceptibility to in vitro enzymic digestion in 
the case of sample 3, the mildly heat treated product, and with only 
a slight improvement in the digestibility of sample 4, the optimally 
heated product. However, in the case of sample 5, which had been 
purposely overheated, a large increase over the value obtained for the 
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raw material has been effected in the susceptibility of the protein to 
in vitro enzymic digestion, and this is associated with only a small 
decline from the optimum nutritive value. The present findings are 
not considered to be inconsistent with reports in the literature where 
large differences between the biological value of the protein in raw soy 
products and that in the same product heated to presumably optimum 
value have shown good correlation with the results yielded by in vitro 
digestibility^ studies. In very few, if any, of the studies reported in the 
literature have both animal assays and in vitro digestibility tests been 
conducted on the same sample in various stages of heat-processing. 
In most cases, comparisons were made only between the raw product 
and the same material heated to what was presumed to be optimum 
nutritive value. In the present study, the protein in the excessively 
heated product has been found to exhibit considerable improvement 
(more than 100%) in biological value over that of the raw product, and 
also a large increase in susceptibility to in vitro enzymic digestion. 

The impairment in the susceptibility of the soy protein to in vitro 
enz\ mic digestion resulting from mild heat treatment is explained by 
the existence in raw soy products of naturally-occurring proteolytic 
enzymes. The occurrence of such proteases was reported by Melnick 
and Oser (28) who pointed out that the proteolysis due to these 
enzymes and that due to the added pancreatin was synergistic rather 
than additive, each factor augmenting the action of the other so that 
the net effect is greater than the sum of the separate effects. The 
presence of proteases in raw soy products is indicated by the data in 
Table III. Incubation of the raw product without pancreatin resulted 
in an increase in formol-titratable nitrogen. This increase was reduced 
to a trace when an aqueous suspension of the material was heated for 
30 minutes at 60®C. prior to incubation without pancreatin. At 
80®C. no measurable increase was observed. Concurrent with the loss 
in activity of the soybean protease, there occurred a decrease in the 
in vitro digestibility of the protein by pancreatin, the extent of protein 
digestion being less than that calculated by subtracting the results 
obtained in the test system containing only active soy proteases from 
that containing the added pancreatin. The absence of any increase 
in formol-titratable nitrogen in the bakery-type product, when in¬ 
cubated without pancreatin, indicates that the naturally-occurring 
proteob’tic factor had been inactivated by the heat-processing em¬ 
ployed in its manufacture commercially. Consequently, no impair¬ 
ment in its in vitro digestibility b}^ pancreatin was effected by heating 
its aqueous suspension at 60®C. as in the case of the raw product. 
However, heating the aqueous suspension at temperatures exceeding 
60®C. resulted in improvement of the in vitro digestibility. This 
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improvement may be attributed to the eflfect of the additional heat 
treatment in increasing the denaturation of the protein or upon the 
destruction of the soybean inhibitor or to a combination of both. The 
greater in vitro digestibility of the protein or the raw product when 
heated (in aqueous suspension) at 80®C. and 9S®C. than that of the 
same product heated at 60®C. may be explained in the same manner. 
The higher temperatures were capable of inactivating the soybean 

TABLE III 

Influence or Naturally-Occurring Proteolytic Enz\mfs 

ON IHF 1\ VliRO DiGESTIBILIIY OF So\BFA\ PROTI IN 


Sample 

Experiment 

Extent ot hs arolj &i&, 

No 

Description 

After 

1 day 

i After 

S days 




% 

% 


1 

Incubated with pancreatin 

10 

18 


2 

Incubated without pancreatin 

1 

3 


3 

Heated in aqueous suspension for 30 





minutes at 60°C., then incubated with 





pancreatin 

6 

13 

Raw soy 

4 

Same as 3, but without pancreatin 

0 

1 





flour 

5 

Heated in aqueous suspension for 30 





minutes at 80°C., then incubated with 





pancreatin 

8 

16 


6 

Same as 5, but without pancreatin 

0 

0 


7 

Heated in aqueous suspension for 30 





minutes at 95®C., then incubated with 





pancreatin 

10 

20 


8 

Same as 7, but without pancreatin 

0 

0 


9 

Incubated with pancreatin 

5 

10 

1 


Incubated without pancreatin 

0 

0 

Ilakery- 

11 

Same as 3 

6 

10 

tjpe 

12 

Same as 3, but without pancreatin 

0 

0 

soy 

flour 

13 

Same as 5 

8 

16 


14 

Same as 5, but without pancreatin 

0 

0 


IS 

Same as 7 

10 

20 


16 

Same as 7, but without pancreatin 

0 

0 


proteases in the test system, but this eflfect, contributing to decreased 
digestibility, was masked by the concomitant denaturation of the soy 
proteins rendering them more susceptible to in vitro pancreatic 
digestion. 

It was apparent that, in order for the in vitro digestibility test to 
be applied to the characterization of soy products with respect to the 
nutritional value of the protein component, it would be necessary to 
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render inactive any proteolytic enzymes that might be naturally 
present. To accomplish this, the soy flour samples were subjected to 
a standardized heat treatment in the laboratory prior to being assayed 
for in vitro digestibility. Samples containing 6 g. of protein were 
suspended in 60 ml. of water and the suspensions heated in a boiling 
water bath for 15, 30, and 60 minutes. Susceptibility of the protein 
to in vitro enzymic digestion was determined in the previously de¬ 
scribed manner. The higher temperature was selected to assure 

TABLE IV 

Inflxjence of Standardized Laboratory Heat Tre4.tment * on the in vitro 
Digestibility of Commercially Available Soybean Flours 
IN Various Stages of Heat-Processing 


Sample No 

Standardued 
i laboratory 

heat treatment 

Extent of hvdroly sis 

After 1 dav 

After 2 days 

Alter 5 days 


minultit 


% 

trr 

/O 

1 

None 

12 i 

16 

I 22 

Raw flour 

30 

12 

15 

1 23 

2 

None 

12 

15 

20 

Raw flour 

15 

12 

15 

20 


30 

13 

15 

20 


60 

13 

16 

21 

3 

None 

6 

9 

15 

Bakerj'-type flour 

15 


13 

20 


30 

1 13 

17 

22 


60 

15 

18 

23 

5 

None 

13 


23 

Optimally heat-proc¬ 

15 

14 


24 

essed flour 

30 

15 


24 


60 

15 

20 

24 

5 

None 

16 

20 

29 

Overheated flour 

15 

21 

25 

29 


30 

22 

25 

28 


60 1 

22 

26 

29 


* Aqueous sumnslon of 1 part flour in 6 parts of water heated in a boiling water bath for the 
indicated length of time. The temperature of the suspension was approximately PS'^C. 


complete inactivation of the naturally-occurring enzymes, since the 
retention of only a small amount could result in relatively large in¬ 
creases in in vitro digestibility due to synergism with pancreatin. 

Shown in Table IV are the results of these experiments. Although 
the in vitro digestibility of the raw product did not appear to be 
significantly improved by this laboratory heat treatment, it should be 
recognized that the digestibility prior to the heat treatment was in 
part due to the synergism between the naturally-occurring proteolytic 
enzymes and the added pancreatin. The change in in vitro digestibility 
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due to the standardized laboratory’ heat treatment should more 
properly be measured from the otherwise lower value that would have 
been obtained in the absence of naturally-occurring proteolytic 
activity as indicated in Table III. Taking this into account, the 
increase in in vitro digestibility, though not apparent here, would 
indeed be large. 






DIGESTION TIME, DAYS 

Fig. 1. Influence of standardized laboratory heat treatment on the in vitro digestibility 
of commercially heat-processed soybean products. 

O—Raw soy flour (Sample No. 2) 

X—Mildly heated bakei^-type flour (Samble No. 3} 

•—Heat^ to optimal protein efSdency (Sambie No. 4} 

A—Overheated with respect to protein efficiency (Sample No. S) 

The baker>’-type product, whose naturally-occurring proteolytic 
activity had been inactivated by commercial heat processing, ex¬ 
hibited considerable improvement as a result of the laboratory heat 
treatment. After having been heated for 30 minutes, its digestibility 
value even exceeded, although to a small degree, that of the similarly 
heated raw product. In the case of the optimally heat-processed 
product only a slight improvement was observed; while in the over- 
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heated sample the improvement occurred in the first 15 minutes of the 
laboratory heat treatment, with no further change upon extending the 
heating time to 60 minutes. It will be noted in Fig. 1 that when the 
soy flour suspensions in water were subjected to the standardized 
laboratory heat treatment \95°C.J for periods of 30 and 60 minutes 
prior to being assayed, the in vitro digestibility values obtained were in 
the same sequence as the degree of commercial heat-processing. The 
differences in in vitro digestibility thus obtained, however, are not 
sufficienth" great to permit rating soy products wdth respect to the 
nutritive value of the protein. 

It wfill be observed that when no standarized laboratory heat 
treatment was employed, in vitro digestibility differences among 
samples 3, 4, and 5 were relatively large. Sample 2, the raw product, 
was anomalously high due to the presence of the naturally-occurring 
proteolytic enzymes which exerted a synergistic effect in the in vitro 
test. It is conceivable that with the application of very mild heat 
(60°C. or less) for suitable periods of time, the naturally-occurring 
proteolytic enzymes could be rendered inactive without effecting any 
alterations in the characteristics of the soybean protein per se, which 
affect digestibility. Other procedures such as using dry heat at higher 
temperatures might also prove of value in achieving this effect. With 
the interfering factor thus removed, in vitro proteolysis would be due 
to added pancreatin alone. No change would be anticipated in the m 
vitro digestibility of the proteins of those products which had been 
sufficiently heat-processed commercially to render inactive the pro¬ 
teolytic enzymes, since the mild laboratory heat treatment would be 
insufficient to cause further protein denaturation. In the case of the 
raw^ product, however, the in vitro digestibility value would be expected 
to be lower than that of sample 3 (the bakery-type product), due to 
the inactivation of the soybean proteases. 

It has been demonstrated in the present study that a soy product 
(the baker>’-type) can be heat-processed in such manner as to improve 
appreciably the nutritional value of the protein without impairment 
of its anti-tiyptic activity^ in vitro. In this respect, the product 
resembles spray-dried egg albumen, which exhibits both high nutri¬ 
tional value and high anti-tryptic activity in vitro (1). Borchers et al, 
(6) have demonstrated that with increasing laboratory^ manipulation, 
it was possible to obtain a highly concentrated soybean trypsin 
inhibitor (by in vitro measurement), with insignificant growth-depress¬ 
ing properties. It must not be overlooked that each of the steps 
involved in the extended laboratory process permits the occurrence 
of some protein denaturation. Under such conditions of incipient 
protein denaturation, it is possible that certain properties of the anti- 
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tnptic complex (viz., those responsible for growth inhibition) may be 
altered while others remain unchanged (viz., anti-trypsin activity in 
vitro). Another likely explanation ma^' be that the inhibitor complex, 
in its condition of incipient denaturation, becomes susceptible to 
digestion by pepsin so that its anti-tryptic activity- in vivo is no longer 
apparent. It has been demonstrated by Kunitz (23) that the soy 
inhibitor in its native state is scarcely affected by pepsin at pH 3.0. 
When denatured, however, it is readily digested. At a pH of 2.0 or 
low er, the native inhibitor becomes slowly digestible at a rate less than 
1/500 of that of the denatured material. This digestibility of the 
native inhibitor by pepsin has been attributed to the slight denatura¬ 
tion effected by the acid conditions. 

The possibility of coupling the results of the in vitro digestibility 
studies with those obtained in our laboratories in evaluating the so^ - 
curd potentialities of soy products (25) also merits consideration. The 
ideal soy product, with respect to protein value, should be readily 
susceptible to in vitro digestion in a test system free from naturally- 
occurring soy proteases and should yield a soy curd low in volume and 
capable of being further reduced when the sample is subjected to 
further heat treatment. These approaches to the over-all problem of 
characterizing soy products for specific functions are now under 
investigation at the Quartermaster Food and Container Institute for 
the Armed Forces. 
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LABORATORY PROCEDURE FOR EVALUATING THE 
CURD-PRODUCING CAPACITY OF 
SOYA PRODUCTS! 

Stephen J. Loska, Jr.,® and Daniel Melntck® 
ABSTRACT 

A procedure for the rating of soya products as sources of soy curd, 
employing the essential steps of Asiatic soy curd processing, involves the 
aqueous extraction of the soy protein and its precipitation as a curd on the 
addition of magnesium chloride, the curd being measured volumetrically. 

Appreciably lower curd yields are obtained from material larger than 
that which passes through a No. 100 U. S. Standard wire sieve. Maximal 
solubility and precipitation of protein is obtained when the extraction is 
conducted at a temperature of 80®C. for a period of thirty minutes with the 
suspension stirred mechanically. Salts of strong acids such as calcium 
chloride, magnesium chloride, ferric chloride, and sodium bisulphate are 
effective agents for the precipitation of soy proteins. Hydrochloric acid is 
also an effective curding reagent. Maximal yields of soy curd using 
magnesium chloride as the precipitating reagent occur at pH 5.8, whereas 
isoelectric precipitation using hydrochloric acid is at pH 4.5. Excessive 
quantities of the salts used to precipitate the soy proteins have given, within 
the concentrations studied, smaller yields of soy curd, the decreased yields 
being a characteristic of the precipitating salt not necessarily correlated 
with the pH of the final medium. 

Data are presented showing that curd volume is an accurate index to 
the percentage of soluble protein in the soy flours. 

The use of soya in relief feeding in both Europe and the Orient 
created new problems in description and control of products manu¬ 
factured for different purposes. In Europe soya is used as a wheat 
flour extender, as a meat extender, and as a major ingredient for low 
cost food preparations; in the Orient it is used for the manufacture of 
soy sauce derived from the hydrolysis of protein, for “tofu*' or soy 
curd prepared by the precipitation of water-extractable protein, and 
for “miso" or soy paste. 

The present specification for soya products, Joint Army-Navy 
Specification JAN-S-S88, refers to the protein as simply N X 6.25, no 
consideration being given to the functional or nutritional properties 
of the foodstuff. A product may be satisfactory for one purpose, but 

1 Manuscript received October 24, 1949. Presented at the Annual Meeting, May, 1949. This 
paper reports research undertaken at the Quartermaster Food and Container Institute for the Armed 
Forces, and has been assigned number 27d in the series of papers approved for publication. The views 
or conclusions contained in this report are those of the authors. They are not to be construed as 
necessarily reflecting the views or indorsement of the Department of the Army. , 

* Present addrew: Quartermaster Food & Container Institute for the Armed Forces, Chicago, 
Illinois. 

»Present address; The Best Foods, Inc,, Bayonne, New Jersey. 
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fail in another. The evaluation of soya products utilized in the 
preparation of curd presented one of the greatest problems. This 
study concerns the development of a precise and rapid laboratory 
procedure for this purpose. 

Materials and Methods 

Samples of soy flour, representative of raw and heat-treated 
commercial products, were kindly furnished by members of the Soy 
Flour Association. In addition, Dr. James W. Hayward of Archer- 
Daniels-Midland Company, Minneapolis, Minnesota, in behalf of the 
Soy Flour Association, supplied data obtained in their analyses of the 
products according to conventional procedures. 

The products consisted of (1) dehulled soy beans, (2) unheated 
solvent-extracted soy flour, (3) bakery type soy flour, mildly heat- 
processed in order to eliminate the bitter qualities of the raw bean, (4) 
soy flour optimally heat-processed with respect to the nutritive quality 
of the protein, and (5) an overheated processed flour experimentally 
processed for this study. These raw materials for flours were supplied 
in flake form. In addition, an expeller series was supplied, consisting 
of (6) dehulled beans which had been heat-treated, (7) expeller flour 
with some additional heating, (8) flour, heat-processed so the protein 
had optimum biological value, and (9) overheated soy flour. These 
samples were supplied in chip form. 

Samples were found to be most easily ground with a W. J. Fitz¬ 
patrick Comminuting mill. Solvent extracted flakes were ground 
through a 1 mm. mesh sieve and then reground through a No. 
40 wire sieve. Samples 1, 6, 7, 8, and 9, because of their appreciable 
fat content, were ground through a 1 mm. mesh sieve and then 
extracted with Skelly Solve in a Soxhlet extractor for 16 

hours. After thorough air-drying these were reground through a No. 
40 wire sieve. 

Optimum sifting time for all samples through a No. 100 U. S. 
Standaurd sieve was determined by the method of Wichser, Shellen- 
berger, and Pence (7). All samples were sifted through a No. 100 wire 
sieve. 

In the many soy curd methods used by the Orientals, the essential 
steps are (1) aqueous extraction of soluble protein, (2) separation of 
solution from residue, and (3) precipitation of protein by means of salts, 
mainly those of magnesium. The manner in which these steps are 
performed are many and varied but the results are comparable. When 
the whole bean is employed a soaking step may be utilized to remove 
the hulls and facilitate wet grinding. Time and temperature for 
extraction of the crushed or milled bean may vary widely from a few 
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minutes in boiling water to several hours in hot water. Separation 
of solution from residue is accomplished by decantation or filtration 
through a cloth. Precipitation methods employed by the Orientals 
differ as to the reagent used; however, salts of calcium and magnesium, 
i.e. g^’psum, magnesium sulphate, calcium chloride, magnesium chlo¬ 
ride, and mixtures derived from evaporation of sea water, are used 
almost exclusively. To establish reproducible conditions for the above 
steps the following basic procedure was used: 

The extract was prepared by suspending 8.00 g. of soy flour in 100 
ml. of distilled water, or multiple of this flour-water ratio, and stirred 
with a mechanical stirring device. After extraction the suspension 
was centrifuged in an International centrifuge No. 1 with trunnion 
cups, radius measurement 20 cm. to the tip, 1,800 r.p.m. for ten 
minutes. Twenty-five ml. of the extract liquid were pipetted into a 
50 ml. long-tapered centrifuge tube graduated in fractions of ml. to 
20 ml.; curding solution was added and the suspension diluted to the 
50 ml. mark. Centrifuging was again accomplished at 1,800 r.p.m. 
for ten minutes. 

Results and Discussion 

Influence of Temperature on the Extraction of the Soy Proteins^ 
Sample No. 3, bakery type soy flour, was selected for this study. Of 
the samples submitted, it contained an intermediate quantity of 



EXTRACTION TEMPERATURE/C 


Fig. 1. The relationship of soluble protein and temperature of extraction; 
time, 60 min.; test material, bakery type soy flour (Sample No. 3). 
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soluble protein. The flour was extracted at several temperature levels 
for one hour. Protein analyses LY X 6.25) of 25 ml. aliquots of the 
extract, after centrifugation, indicate maximum solubility of the 
protein at 60°C. to 100°C. as shown in Fig. 1. In another experiment 
designed to determine the effect of time, extractions were repeated at 
80“C. for intervals of 10, 20, 30, 40, and 60 minutes. Fig. 2 shows that 
at 20 minutes, extraction has reached a maximum with no significant 
change on continued heating. Since 30 minutes and SO’C. extraction 
conditions are sufficient to insure maximum protein dispersion, a 
longer extraction period is unnecessary and undesirable because of 



Fig. 2. The relationship of soluble protein, extracted at 80°C., to time, 
test material, baker>^ type so^ flour (Sample No. 3). 


water evaporation; this can lead to an erroneously high estimate of 
soluble protein. 

Although the yield of soluble protein by this method of hot ex¬ 
traction was greater than that reported by the manufacturer for this 
sample/ viz. 70% as compared to 65%, it did not exceed the manu¬ 
facturer’s reported value for the raw sample (No. 2). This increased 
yield of soluble protein was evident in all samples and particularly in 
the heat treated soya products. 

Optimum Concentrations of Curding or Precipitating Reagents, 
Several salts and hydrochloric acid were evaluated as precipitating 


< Indirect Method; Archer-Daaiels-Midland Company 
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agents in this study. Sample No. 2, unheated soy flour, which ex¬ 
hibited greatest solubility, was used for the tests. Protein from 25 ml. 
of extract was precipitated with solutions of magnesium chloride, ferric 
chloride, sodium bisulphate, and hydrochloric acid. The final nor¬ 
mality after dilution to 50 ml. was calculated. By subtracting twice 
the protein content of 25 ml. of supernatant solution after precipitation 
and centrifugation of the curd from the protein content of the extract, 
the weight of protein in the curd can be determined. 

Fig. 3 shows that maximal 3field of precipitated protein was attained 
when the solutions were 0.01 N to 0.03 N with respect to the salt and 



Fig. 3. Relation of salt and acid concentration to the yield of precipitable protein of soya; 
test material, defatted raw soya (Sample No. 2). 

acid. This is in close agreement with the results of Smith et al, (6) 
who report minimum extraction of soybean nitrogen with calcium 
chloride solution of 0.0175 N and magnesium chloride solution of 
0.025 N. Minimum dispersion of nitrogenous matter in acid was 
obtained at pH 4.2 by these authors (5). Maximum protein pre¬ 
cipitated by hydrochloric acid was found in this study to be in the pH 
range of 5.0 to 4.0. Hydrochloric acid or isoelectric precipitation was 
noted to be slightly more efficient than magnesium chloride, yielding 
approximately 4% more of the available protein. The curves plotted 
in Fig. 4 indicate that the yield of curd is not necessarily correlated 
with the pH of the final medium. 
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The Effect of Heating upon the Solubility of the Protein and upon the 
Precipitation of the Curd. The data in Table I illustrate the effect of 
cold extraction and of hot extraction followed by curding from cold and 
hot solutions. Extraction at room temperature is not efficient under 
the conditions described. The curd volume was less than anticipated 
compared to the amount of protein in solution. The condition of the 
curd vas fluid in nature and the residual protein after curding was 
large. By slightly heating the e.xtract after the first centrifugation a 
more efficient precipitation was obtained, denoted by an increase in 
curd volume and decrease in quantit>* of protein in the top liquid. 



Fig 4. The relationship of the Meld of curd to the pH of three salt solutions and hjdrochlonc acid; 
teat material, detatted raw soya (Sample No. 2). 


Thirty- minutes extraction at 80®C. increases the yield of soluble 
protein (as was shown in Fig. 1), but cooling the extract at room 
temperature before protein precipitation gives a curd having undesir¬ 
able small creamy particles which do not pack well, resulting in an 
apparently greater volume. Heating serves a two-fold purpose: (1) 
it produces the maximum yield of soluble protein in the minimum of 
time, and (2) causes incipient denaturation of the extractable protein, 
making it more readily precipitable following the addition of the curd¬ 
ing reagent* The heat treatment yields a curd possessing good 
consistency and which is easily centrifuged, thereby improving the 
precision of the gravimetric separation. 
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The Effect of Granulation or Particle Size of Flour on Extraction of 
Protein and on Soy Curd Yield. Marked changes in curd yield by 
volumetric measurement were noticed with the same soy flour of 
different granulation. Samples of the unheated (Sample No. 2) and 
the optimally-heated (Sample No. 4) soy flours were used to determine 
the effect of granulation or particle size on the reproducibility of the 

TABLE I 

Effect of Heating upon the Solubility of the Protein and 
UPON THE Precipitation of the Curd^ 


Distribution of protein* 


Extraction and curding method aJS^“ion C"** ‘ 


Extract Curd 


Two hrs. extract at 23®C. 

MgCl: 

Curding at 23®C. 

HCl 

Two hrs. extract at 23®C. 

MgCl, 

Brought to 80®C. before 
curding 

HCl 

Two hrs. extract at 23°C. 

MgCl; 

Protein solution heated 30 
min. at 80®C. 

HCl 

Thirty min. extract at 80°C. 

MgCl 

Protein solution cooled to 
23®C. for curding 

HCl 


* Defatted raw soy flour (Sample No. 2) used in this study, 8 g. flour to 100 ml. water. 

*Per cent protein calculated as per cent of total protein. Supernatant protein determined by 
Kjeldahl method on an aliquot of top liquid after precipitation. Protein of curd calculated by diner- 
ence; extract protein minus protein of supernatant liquid after precipitation. 


test. The Joint Army-Navy Specification for Soybean Products, 
dated May 10, 1948 specifies: 

“E-7. Ninety-seven per cent of the soy flour shall pass through 
a U. S. Standard 100-mesh screen.” 

The materials through and over a 100-mesh screen of Samples No. 
2 and No. 4 were tested for soluble protein and curd yield. The results 
in Table II, average of duplicate tests, emphasize that large differences 
in per cent soluble protein and in curd volume are obtainable if the 









134 


CUED-PRODUCING CAPACITY OF SOYA PRODUCTS Vol. 27 


particle size of the flour is not controlled. The per cent of protein of 
the initial soy flour fractions was nearly the same. Therefore, the 
difference in curd yield is attributed to the greater solubility of the 
material passing through the 100-mesh screen, due to larger surface 
area and mechanical damage to cell structure. To insure maximum 
solubility' of protein at the time and temperature of the test all samples 
should be ground finer than 100-mesh. 

TABLE II 

Effect of Granulation or Particle Size of 
Flour on Soy Curd Yield 


Sample 

Curd vol. 

Distribution of protein' 

Extract 

Curd (calc.) 

Supernatant 


ml. 

% 

% 

% 

Unheated soy 

5.00 

73.40 

57.95 

15.45 

Sample No, 2 

5.00 

74.02 

58.98 

15.03 

Over lOOw 

5.00 

72.46 

57.64 

14.82 


5.00 

74.22 

59.19 

15.03 

Mean 

— 

73.52 

58.44 

15.08 

Standard deviation 

— 

± 0.71 

— 

± 0.29 

Unheated soy 

6.25 

84.90 

73.08 

11.82 

Sample No. 2 

6.25 

83.85 

72.02 

11.82 

Through lOOw 

6.25 

85.19 

73.55 

11.64 


6.25 

84.71 

72.79 

11.92 

Mean 

— 

84.66 

72.86 

11.80 

Standard deviation 

— 

zfc 0.55 

— 

± 0.12 

Heated soy 

1.80 

27.30 

17.70 


Sample No. 4 

180 

1 27.50 

i 18.00 

9.50 

Over lOOw 

1.80 

27.30 

17.70 

9.60 


1.80 

27.60 

18.30 

9.30 

Mean 

— 

27.42 

17.92 


Standard deviation 

— 

=b 0.14 

— 

dr 0.14 

Heated soy 

2.30 

36.24 

26.95 

9.29 

Sample No. 4 

2.30 

36.06 

26.77 

9.29 

Through lOOw 

2.30 

35.31 

26.30 



2.30 

35.40 

26.21 

9.19 

Mean 

— 

35.75 

26.56 

9.19 

Standard deviation 

— 

=b 0.47 

— 



1 Per cent protein calculated as per cent of total protein. 


Correlation of Curd Volume with Amount of Protein Precipitated. 
Initial determinations on the nine samples included in this study 
indicated a variation in soluble protein content; three samples pos¬ 
sessed a high proportion of soluble protein while the other six had 
smaller amounts. To determine if curd volume, by the proposed 
method of magnesium chloride precipitation, is linearly related to 
protein precipitated, increasing quantities of extract of Sample No. 2 
were diluted to 25 ml. and subjected to the curd test. The weight of 
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protein used m each case was a fraction of the amount of protein in the 
25 ml. of extract The data plotted in Fig. 5 show that this relation 
is linear with a correlation coefficient of r = + 0.996**’*. 

The tests were extended to 11 samples and quantities of less 
than 25 ml. were used whenever the smaller aliquots would yield 
measurable curd volumes. For this reason aliquots less than 20 ml. 
were not practical in the cases of the heat-treated samples. Fig. 6 
illustrates the relationship found with 35 aliquots of 11 soy samples; 
a correlation coefficient of r = + 0.984“* and a regression equation 



PROTEIN PRECIPITATED,GRAMS 


Fig S. Relation of protein precipitated to curd volumes, test material, 
dratted raw soya (Sample No 2) 

of F = 7.26 X + 0.26 were found, where Y = observed curd volume 
and X = grams of protein precipitated. 

Included in these tests were three samples of soy meal. These 
were unsolicited samples from industry without accompanying ana¬ 
lytical data and are i<ientified as A, B, and C. Comparison with test 
samples indicates that A has been slightly heat-treated and was 
satisfactory for curd preparation. Heat treatment of samples B and 
C materially affected the solubility of the protein so that these would 
have to be used in formulations where functional properties of the 
protein are not important. 
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Plotting curd volume against per cent soluble protein and per cent 
of protein precipitated, Fig. 7, illustrates the relationship of soluble 
protein to the yield of curd. Soy flours of low protein solubility have 
a residual protein after precipitation of from 8 to 10%. High 
protein solubility flours have a residual protein of from 10 to 14:%, in¬ 
dicated by the dotted lines. 

The data from Table II were plotted on the figure, represented by 
the letters Z and Y. Letter Z represents material through a 100-mesh 



Fig. 6. Relation of protein precipitated to curd volume thirty-five aliQuots of eleven samples 
of soy flour and soy meal. The numbers refer to the soy flour test samples; the letters refer to solvent 
esctracted soy meals. 

sieve and Y the material over the wire from Samples No. 2 and No. 4. 
It is again esndent that the yield of curd is dependent upon the amount 
of extractable protein. 

A curd volume of not less than 4.0 ml. by this method for solvent- 
extracted soy flours and meals would identify such products as the 
type which would find acceptance with Orientals. Alternately, heat- 
treated products ramilar to samples 4 and 5 would be useful as far as 
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PER CENT OF TOTAL PROTEIN 

ri*j 7 Relation of per cent soluble protein in soy products and per cent 
of piotem precipitated to curd \olume 

consumption w toto is concerned, in soup mixes, and as protein supple¬ 
ments in cereals, but would be unsatisfactory for curd formation. 

These studies have established that a good correlation exists 
between soy curd volume, as determined by this method, and quantity 
of protein precipitated, justifying the use of the far simpler volumetric 
procedure rather than the nitrogen analysis for the determination of 
the relative concentrations of the precipitable soy protein. 

The method recommended is as follow^'s: 

Sample preparation: 

Sample should be of such granulation that it passes through a No. 
100-mesh U, S. Standard screen. 

Apparatus: 

(1) Centrifuge bottles, Pyrex, 250 ml. 

(2) Pipettes, 25 ml. 

(3) Waterbath. 

(4) Mechanical or electrical stirring device with glass stirring rod. 
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(5) Centrifuge, International No. 1 or equivalent, radius 8 in. 
(20 cm.) to tip, trunnion mount cups. 

(6) Centrifuge tubes, long taper, 50 ml., graduated in fractions of 
ml. to 20 ml. 

(7; Magnesium chloride solution, 0.20 N to 0.25 N, 
Determination: 

Weigh 8.00 g. so^ product (8.0% moisture basis) and place in 
centrifuge bottle, add 100 ml. of distilled water and stir with glass rod 
from stirring device until all the material is in suspension and none 
adheres to the sides. 

Place in water bath, 80°C. dr 2®C., and start stirring device. 
Extraction is continued 30 min. after temperature of the solution 



Fig S Illustration of five samples of defatted soya at the completion of the curd test 


passes 60®C. (appioximatel} 5 min.). Remove bottle and centrifuge 
at 1,800 r.p.m. for 10 min. 

Pipette 25 ml. of the supernatant liquid into a long-tapered 
centrifuge tube, bring solution to 80®C., remove tubes and add 5 ml. of 
0.2 iV' magnesium chloride solution while agitating the tube. Dilute 
to the 50 ml. mark with water and centrifuge at 1,800 r.p.m. for 10 min. 
Allow centrifuge to come to rest without braking and read curd volume 
to the nearest fraction of a ml. Two to three tests may be conducted 
on the extract for increased precision. 

Fig. 8 illustrates the appearance of the centrifuge tubes at the 
completion of the curd test on five soybean products. The reproduci- 





Mar, 1950 STEPHEN J. LOSKA, JR. AND DANIEL MELNICK 


139 


bility of the soy curd test, the ease of running such assays, and its 
direct applicability to evaluation of soya products intended for use in 
the Orient, justify inclusion of the method in an amendment to the 
present Joint Arm}-Navy Specification for the identification of soya 
products. In current investigations conducted in the Institute by 
Simon and Mel nick (4), it has been suggested that the soy curd test 
has further value in defining heat-processed soya products with respect 
to the nutritive value of the protein. 

It was previously mentioned that magnesium chloride precipitation 
of the SO}' protein occurs at a pH somewhat removed Irom the iso¬ 
electric point. Precipitation with h}drochloric acid yields a so} curd 
comparable to that formed following the use of magnesium chloride 
as the curding reagent but differs slightly in the yield of precipitated 
protein. In order to determine if the difference in curd yield was due 
to some protein fraction which was precipitated by hydrochloric acid 
at the isoelectric point and not precipitated by magnesium chloride, 
electrophoretic analysis w^as employed. A w^ater extract of Sample 
No. 2 unheated soy flour was prepared according to the test method 
and divided into tw'O portions. Magnesium chloride reagent w'as 
added to one portion and hydrochloric acid to the other in concentra¬ 
tions which produced maximum yield of curd. Electrophoretic analy¬ 
ses of the protein in the two supernatant solutions, kindly conducted by 
Dr. A. C. Shuman, General Foods Corporation, Hoboken, New'Jersey, 
indicated that the two solutions w'ere identical as far as their electro¬ 
phoretic mobilities were concerned and each consisted of a single 
component with a small degree of non-homogeneity. Thus, precipita¬ 
tion at the isoelectric point yields the same protein precipitate as the 
procedures customarily employed by the Orientals. 

In this connection, it is of value to speculate on the possible fate of 
the antitry^ptic factor in the raw' or mildly-heated soya products w'hich 
are of the type most favorable for soy curd formation. Such mildly- 
heated products contain the antitryptic factor, w'hich has been held to 
be responsible for poor protein-utilization in vivo (2, 3). Precipitation 
with hydrochloric acid at the isoelectric point has been employed (1, 3) 
to remove irrelevant protein leaving in solution the antitry^ptic com¬ 
plex. It seems quite likely from the electrophoretic studies that the 
magnesium chloride reagent would also be effective for this purpose. 
However, the efficiency with which the antitiy^ptic complex can be 
isolated by these procedures has not been adequately studied. The 
possibility of co-precipitation of the antitryptic complex with the soy 
curd does exist. This point of importance in predicting the value of 
the soy curd as a source of protein of high biological value is now under 
investigation in our laboratories. 
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DETERMINATION OF IRON IN CEREALS, 

FLOUR, AND BREADS 

Chester R. Szalkowski with H. A. Frediani^ 
ABSTRACT 

To determine iron in flour and bread, muffle ignition of a sample 
moistened with magnesium nitrate was found to be preferable to other ash¬ 
ing procedures because it prevents the loss of iron and offers simplicity 
and ease of manipulation. Results are reprodudble to within 0.5%, 

Possible interference by p>TOphosphate is overcome by the presence 
of considerable quantities of magnesium, and by add hydrolysis. Intensity 
and stability’ of the thiocyanate color complex with iron is increased by 
e.xtraction with normal butyl alcohol. 

Analyses were carried out on flour, bread, corn meal, macaroni, corn 
grits, and other cereal products. The initial iron content of the sample was 
ascertained and in each case additional iron was added and the recovery 
measured. In all instances this was found to be within 2.5% of the theoreti¬ 
cal recovery’. In some instances, addition of phosphate was also carried out, 
and in no event did this additional phosphate interfere with complete iron 
recovery. 

Since iron is an important constituent of foodstuffs and is included 
in some form in the enrichment of cereals, flour, and bread, an ana¬ 
lytical method for its determination in relatively’^ small quantities is 
essential. Both the Association of Official Agricultural Chemists and 
the American Association of Cereal Chemists have taken cognizance 

1 Manuscript received September 19, 1949. 

* Chemical Control Division, Merck & Co., Inc., Rahvs’ay, N. J. 
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of the problem involved by the publication of thoroughly tested 
methods for this analysis (2, 12). 

In the official A.A.C.C. method specific for iron in flour, semolina 
and related products, 20 g. of unenriched flour or S g. of enriched 
flour, whole wheat or bread (2) are ashed overnight in a platinum dish 
at 550“600°C., the ash is dissolved in HCl, the iron reduced by hydro- 
quinone and the ferrous iron then determined photocolorimetricall> 
by a, a'-dipyridyl. 

In the A.O.A.C. method for iron in cereal foods (12) a 10 g. sample 
is ashed in a platinum, silica, or porcelain dish at about 550®C , the 
ash is dissolved in HCl, reduced with hydroxylamine and the iron 
measured photometrically^ with either orthophenanthroline or a, a!- 
dipyridyl. In this method, except for self-rising flour or bread, an 
ashing aid such as magnesium nitrate solution or nitric acid is recom¬ 
mended to be added to the initial ash if it is not obtained free of 
carbon. A recent report by Munsey (13) has confirmed the applica¬ 
bility of the A.O.A.C. method to the determination of iron in enriched 
spaghetti, enriched degerminated corn meal, and enriched corn meal. 

During the past five years or more a generally applicable method 
based on the formation of ferric thiocyanate has been under investiga¬ 
tion in our laboratories and has been found to yield results strictly^ in 
accordance with the two official methods outlined above. This 
method embodies certain modifications which are primarily* time 
saving in nature. It has been investigated on commercially* available 
samples of unenriched and enriched flour, self-rising flour, phosphated 
flour, whole wheat and rye flours, white, rye and whole wheat breads, 
enriched hominy grits, flaked grits, corn meal, a malted wheat cereal, 
doughnuts, doughnut mix, and macaroni. Interference of both 
calcium and phosphorus are circumvented. 

A review of the literature reveals that the thiocy anate reagent is 
very widely used in the determination of small amounts of iron. The 
vast information on its use is in some cases contradictory. This 
reagent is particularly well suited for use on samples prepared with a 
high acid concentration, and was chosen for this reason. According 
to Woods and Mellon (21) the following variables must be kept 
reasonably constant: (a) amount and kind of acid, (b) excess quantity 
of oxidizing agent, (c) time of standing, (d) presence of interfering ions, 
and (e) dielectric constant of solvent. 

Hallinan (7) has shown that a high concentration of hydrochloric 
acid is exceptionally well suited for the development of the ferric 
thiocyanate complex. Extraction by an immiscible solvent is of 
importance when small quantities of iron are to be determined. Iso¬ 
amyl (15), isobutyl (17), and normal butyl alcohols appear to be ideal 
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solvents for concentrating, intensifying and stabilizing the color. The 
ferric thiocyanate complex extracted with isobutyl alcohol has a 
maximum absorption at 485 m^t; with normal butyl alcohol at 490 mu 
and the latter extraction is free from disturbances which occur when 
isoamyl alcohol is used (3). Winsor (19) has shown that the dielectric 
constant is satisfactory for the dissociation of the solute. 

Materials and Methods 

Apparatus included: (1) A Coleman Double Monochromator and a 
Coleman Universal Spectrophotometer. (2) Pyrex Glassware—^All 
glassware was cleaned with nitric acid and thoroughly rinsed with 
distilled water. (3) Silica Dishes—100 ml. silica dishes were cleaned 
with nitric acid and rinsed with distilled water. 

Reagents consisted of: (1) A.C.S. reagent grade nitric and hydro¬ 
chloric acids, potassium thioc\’anate, and magnesium nitrate. Normal 
butyl alcohol, reagent grade, b.p. 116-118® was used without further 
treatment. (2) Butanolic potassium thiocyanate solution—100 g. of 
reagent grade potassium thiocyanate were dissolved in 100 ml. of 
water, heated to 25-30®C., diluted to 1000 ml. with n-butyl alcohol, 
shaken vigorously for at least 15 minutes and allowed to clear. (3) 
Magnesium nitrate—55 g. reagent grade magnesium nitrate, 
Mg(N03)2 *61120, were dissolved in sufficient distilled water to make 
100 ml. of solution. (4) A stock standard iron solution was made by 
weighing 1.000 g. of reagent iron wire into a clean, iron-free beaker, 
dissolved in 20% hydrochloric acid to which 2 ml. of concentrated 
nitric acid were added. The solution was then carefully evaporated 
to dryness (on steam bath) and dissolved in 20 ml. of 10% hydro¬ 
chloric acid, quantitatively transferred to a 1000 ml. volumetric flask 
and diluted to volume. This stock solution contained 1 mg. iron per 
ml. and was stable for relatively long periods of time when kept in a 
pyrex bottle. (5) The working standard was prepared by diluting 10 
ml. of the stock solution to e.xactly 100 ml. with distilled water. One 
ml. contained 0.1 mg. iron (Fe). 

A sufficient amount of finely powdered sample to contain about 
0.1 mg. of iron was weighed into a 100 ml. silica dish. Exactly 10 ml. 
of magnesium nitrate solution were added and the mixture stirred 
with a glass rod until a uniform paste was obtained. The paste was 
spread in the dish and the rod wdped with a small piece of ashless filter 
paper, the latter being added to the sample. The paste was covered 
with about 5 ml. of alcohol and the dish transferred to a muffle furnace 
set at 600-6S0®C. The door of the furnace was left slightly open. 
When the ash turned entirel}’^ white or grayish-white (45 to 60 minutes), 
the dish was removed from the furnace and cooled. The ash was 
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carefully moistened with a fine stream of water and 3 ml. of nitric acid 
added and then evaporated to diyness on the steam bath. The ash 
was redissolved in a few ml. of water, 10 ml. of h 5 ’drochloric acid 
added and again evaporated on the steam bath almost to diyness. 
The residue was dissolved in 15 ml. 1 N hydrochloric acid and heated 
on the steam bath for about IS minutes then cooled, transferred to a 
50 ml. volumetric flask and diluted to volume with 1 N hydro¬ 



chloric acid. If the resultant solution was not clear, it was filtered 
through a small filter, the first 15 ml. of filtrate being rejected. 

A 10 ml. aliquot was transferred to a 60 ml. glass stoppered separa¬ 
tory funnel and exactly 15 ml. of butanolic potassium thiocjanate 
solution added, then shaken vigorously for 30 seconds and allowed to 
stand for five minutes to permit the two phases to separate. The 
aqueous layer was drawn off and discarded. The funnel was inverted 
and slowly revolved so as to dislodge any water particles that clung 
to the walls of the funnel and permitted to stand for five minutes. The 
small amount of water which separated from the alcohol was drawn 
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off and the alcohol la^ er transferred to a suitable cuvette. Readings 
were made at 490 m/x, with the blank set at 100% transmission. 
The separation of the two phases was carefully controlled. The ratio 
of alcohol to water after the first separation became veiy^ great, and 
at this point a more than gentle revolving of the funnel produced 
an emulsion. This resulted in a slow separation of water and caused 
erratic results. Centrifuging corrected this difficulty. 

A 10 ml. aliquot was transferred to a 60 ml. glass-stoppered funnel, 
IS ml. of n-but>d alcohol added, but no thiocyanate, shaken vigorously 
for 30 seconds and allowed to stand for five minutes to permit the two 
phases to separate. The aqueous layer was drawn off and discarded. 
The alcoholic layer was transferred to a suitable cuvette and set for 
100 % transmission. 

A standard curve was prepared by transferring 0.25, 0.5, 0.75, 1.0, 
1.25, and 1.5 ml, of the standard solution to silica dishes, adding 
exactly 10 ml. of magnesium nitrate solution and 3 ml. of nitric acid 
to each and evaporating to near dryness on the steam bath. These 
were treated exactly as the sample. 

The standard curve was checked each time fresh solutions of 
thiocyanate and magnesium nitrate were prepared. This was done 
by verifying at least two points on the curve. A typical curve is 
shown in Fig, 1. 

Discussion 

In an attempt to find the most suitable ashing procedure, the 
following were tried: dry ashing and fusion of the ash with sodium 
carbonate (1), dr^- ashing with small amounts of sulfuric acid (10), dry 
ashing with sodium hydro.xide (8), dry ashing with calcium carbonate 
(6), digestion with sulfuric, nitric, and perchloric acids (9), and ashing 
after wetting with solution of magnesium nitrate. The first three 
procedures gave consistently low results. Acid digestion gave satis¬ 
factory- results after a long and tedious operation. It was found that 
if the sample of flour, bread, or cereal was thoroughly mixed to form a 


TABLE I 

Iron Recovered from Enriched * Patent Flour 
(Mg. per pound) 


Dry ashing and 
NaiCOs fusion 

CaCOj 

ashing 

H*S04 

ashing 

XaOH 

ashing 

Wet 

ashing 

MgIXOa/i 

ashing 

9.27 

13.05 

11.40 

12.60 

13.60 

13.96 

11.44 

12.85 

13.00 

12.05 

13.75 

13.73 

10.48 

13.28 

10.80 

13.02 

13,85 

13.88 


Enriched to contaui 13 zng. iron per pound. 










\ia- 1950 CHESTER R. SZALKOWSKI WITH H. A. FREDIAXI 


145 


TABLE II 

Iron Recovery in Presence of Pyrophosphate 
20 fig. Fe and 50 mg. PoOs (added as NatP^Oj) 
(Solutions made up in N/i HCl) 


NLuntsiuni prc-soni 

Vlununum presieiit 

Fe recovered beiorc 
hy drol> 

Fe recovered alter 
drol> SIS 

i/U 

/w? 



0 

0 

12.5 

94.5 

50 

— 

50.5 

98.0 

100 

— 

70.0 

98.6 

250 

— 

93.0 

98.6 

350 

— 

I 93.5 

98.5 



86.5 

97.0 


50 

97.0 

98.6 


100 

98.5 

98.6 


200 

98.5 

98.5 


paste with magnesium nitrate solution and ignited, consistently good 
checks and iron recoveries were obtained. The addition of the 
magnesium nitrate prior to the initial ashing of the sample permits a 
more rapid ashing with little or no difficulties. The ash is always free 
of carbon and necessity of reigniting a sample is eliminated. Silica 
dishes were used and a grayish-white ash from 10 g. of flour was 
obtained in 45 minutes. As a final test a sample of an enriched flour 
was ashed in triplicate by each of the above-mentioned procedures. 
The iron content of the ash after acid hydrolysis was determined b\' 
extraction with potassium thiocyanate in n-but^’l alcohol solution. 
The results are given in Table 1. 

After numerous experiments, it was found that the formation and 
extraction of the color complex could be accomplished in one operation 


TABLE III 


Sample 

AO AC. 
mg. Fe/lb. luund 

KCNS 
mg. Fe/lb 

Proposed ignition 
and a. a'<dip>iid>l 

Enriched flour 

14.0 

14.0 

14.3 

Enriched self-rising flour (A) 

19.3 

19.7 

19.5 

19.8 

19.4 


Enriched self-rising flour (B) 

13.0 

12.7 

13.2 

12.6 

12.8 


Enriched com meal 

20.6 

20.3 

20.6 


20.0 

20.0 


Macaroni 

19.0 

18.7 

18.4 


18.0 

18.9 


Com grits 

21.2 

21.1 

21.2 

21.8 

21.4 
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by shaking the acidified solution of iron with a solution of potassium 
thiocyanate in normal but^d alcohol. Normal butyl alcohol was 
selected over isobut\’l and isoamyl alcohols because of its ability to 
dissolve greater quantities of the thiocyanate. This solvent has a 
relatively low dielectric constant and the resulting solution of the 
color complex is stable for several hours. 

Flour and bread ash contain small amounts of pyrophosphates, and 
in the manufacture of enriched and self-rising flours, phosphates, 
and ''or pyrophosphates are often added. On ignition, the phosphates 
are converted to pyrophosphates which have been shown to interfere 
seriously with the colorimetric determination of iron, owing to the 
formation of stable complexes (S, 11, 14, 21). The inhibitory’ effect 
of pyrophosphate can be eliminatied by employing so-called “wet 

TABLE IV 

Iron Recovered from Flour, Bread, etc. 



•a 

•o 

’a 

bc 

SS 

•o 

•o 

•o 

c: 

w 

Id 

1 

•o 

-a 

tk 

-2 

^<3 

Is 

Iron present'*’ 

lion added 

Mg-/g- 

f 

s 

Total non recoveied 
/*g./g. 

% Recovery 

Unenriched flour 

_ 


B 

7.9 

10.0 

17.9 

18.1 

101.0 


— 



7.9 

10.0 

17.9 

17.8 

99.4 


— 



7.9 

15.0 

22.9 

23.2 

101.3 


— 



7.9 

20.0 

27.9 

27.4 

98.2 


SO 



7.9 

15.0 

22.9 

22.9 

100.0 


100 



7.9 

15.0 

22.9 

22.3 

97.4 


25 


— 

7.9 

— 

7.9 

7.8 

98.7 


— 

25 

— 

7.9 

— 

7.9 

7.8 

98.7 


— 

25 

— 

7.9 

15.0 

22.9 

22.5 

98.3 


— 

— 

25 

7.9 

— 

7.9 

7.7 

97.5 


— 

— 

25 

7.9 

15.0 

22.9 1 

23.2 

101.3 

Unenriched self-rising flour 

— 

— 

— 

9.8 

20.0 

29.8 ! 

29.4 

98.7 

— 

— 

— 

9.8 

20.0 

29.8 1 

29.1 

97.7 


— 

— 

— 

9.8 

50.0 

59.8 

58.4 

97.7 

Enriched flour 

75 

— 

— 

K1 3 

— 


29.4 

95.5 


25 

— 

— 

Ki S 

— 

Kill 

29.8 

96.8 


25 

— 

— 

Ki 3 

— 

30.8 

30.0 

97.4 


— 

— 


K! 3 

— 

30.8 

30.0 

97.4 


— 

25 

— 

K| 3 

— 



97.7 


— 

50 

— 

Ki 3 

— 

30.8 

30.1 

97.7 

Enriched 100% self-rising 









flour 

— 

25 

— 

30.7 

— 

tfiw 


98.4 

Enriched 85% extraction 









self-rising flour 

— 

— 

— 


10.0 


39.9 

99.8 

— 

25 

— 


— 

30.0 

29.4 

98.0 


— 

25 

— 

30.0 

10.0 1 

40.0 

39.3 

98.3 

Enriched 60% extraction 









self-rising flour 

— 

— 

— 

28.9 


38.9 




Determined by this method on materials used prior to addition ot NasHPOi and Pe. 
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TABLE IV (Continued) 



T3 

it 

•s 

•a 

bC 

Z, ^ 

tl 

■g 

CO 

oC 

s ^ 1 

A. 

G 

t 

= 3 

u it 
^ 9. 

2 

s-S* 

s 

D. 

e 

Si 

0 

1 

3 

u 

2 M 

£ 

1 

'S'* 


— 

25 

_ 

28.9 

_ 

28.9 

38.3 

97.9 


— 

25 

— 

28.9 

10.0 

38.9 

38.4 

98.7 

Enriched 40% extraction 








flour, self-rising 

— 


— 

29.8 

10.0 

39 8 

39.7 

99.7 


— 

25 

— 

29.8 

— 

29.8 

29.5 

98.3 


— 

25 

— 

29.8 

10.0 

39.8 

39.3 

98.7 

75% patent enriched phos- 








phate flour 

— 

— 

— 

31.6 

10.0 

41.6 

41.3 

99.3 

— 

— 

— 

31.6 

20.0 

51.6 

51.1 

99.0 

Whole wheat flour 

— 

25 

— 

42.2 

— 

42.2 

41.7 

98.8 


— 

25 

— 

42.2 

10.0 

53.2 

52.8 

99.2 

Rye flour (whole) 

— 

25 

— 

11.9 

— 

11.9 

11.6 

97.5 

— 

25 

— 

11.9 

10.0 

21.9 

21.7 

! 99.1 

Enriched white bread 

— 

25 


40.8 

— 

40.8 

40.2 

97.6 


— 

25 


40.8 

10.0 

50.8 

50.2 

98.8 

Whole wheat bread 

— 

25 


51.0 

— 

51.0 

50.5 

99.0 

1 

— 

25 


51.0 

10.0 

61.0 

50.5 

99.2 

Bread 1 

— 

25 

— 

50.8 

— 

50.8 

50.4 

99.2 


— 

25 

— 

50.8 

10.0 

60.8 

60.5 

99.5 


— 

25 

— 

50.8 

— 

50.8 

48.9 

96.2 

Enriched hominy grits 

— 

25 

— 

30.6 

— 

30.6 

30.0 

98.0 

— 

25 

— j 

30.6 

10.0 

40.6 

40.1 

98.8 

Flaked grits 

— 

— 

— 

20.5 

15.0 

35.5 

34.7 

97.7 

— 

25 

— 

20.5 

15.0 

35.5 

34.7 

97.7 

Corn meal 

— 

— 

— 

38.4 

15.0 

53.4 

52.8 

98.8 


— 

25 

— 

38.4 

15.0 

53.4 

52.3 

98.0 

Malted wheat cereal 

— 

— 

— 

37.7 

15.0 

52.7 

51.8 

98.3 


— 

25 

— 

37.7 

15.0 

52.7 

51.3 

97.3 

Doughnuts 

— 

— 

— 

15.2 

10.0 

25.2 

25.0 

99.3 

— 

25 

— 

15.2 

10.0 

25.2 

24.0 

95.2 

Doughnut mix 

— 

— 

— 

16.3 

10.0 

26.3 

25.9 

98.5 

— 

25 

— 

16.3 

10.0 

26.3 

25.6 

97.5 


ashing” or acid digestion procedures (17), which prevent the formation 
of pyrophosphate or by hydrolysis of the ash, prior to color develop¬ 
ment. Hydrolysis can be effected by heating either with acids or 
alkali (4, 16). 

It is to be expected that the interference with the thiocyanate color 
complex formation, by pyrophosphate, would be decreased by the 
presence of considerable quantities of any other ion which forms a 
complex with the pyrophosphate. Monovalent ions have an effect on 
the inhibiting action of pyrophosphate, divalent ions have an ap¬ 
preciable effect and trivalent positive ions have a very pronounced 
effect. Aluminum and zirconium have been suggested to liberate iron 
from its complexes with phosphates (18, 20). Experiments showed 
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that only 12% of the iron is recoverable directly’ from 10 ml. of a 1 X 
hydrochloric acid solution, containing 20 /zg. of iron and 50 mg. of P 2 O 5 
(added as NaiP 207 ). Hydrolysis of this solution increased the re- 
cover>" to 94.5%. The presence of 250 mg. magnesium and hydrolysis 
increased the experimental recovery to 98.5%. In the presence of 10 
mg. of aluminum the experimental recovery was 86.5% and in presence 
of 100 mg. of aluminum was found to be 98.5%. Table II shows the 
percentage of iron recovered from solution containing magnesium and 
aluminum before and after hydrolysis. 

It is apparent that smaller amounts of aluminum are as effective as 
larger amounts of magnesium in overcoming interference of pyro¬ 
phosphate. Since, in conjunction with hydrolysis, magnesium is just 
as effective as aluminum, the former was selected for the ashing 
procedure, because the ash obtained is readily soluble in acid while 
that of aluminum is practically insoluble. 

In Table III are compared a series of samples that have been 
analyzed by the official A.O.A.C. method and the method herein 
described. The values obtained by both methods are well within the 
limits of experimental error. 

Analyses carried out on many cereal products are listed in Table IV. 
In these anatyses typical commercial samples were investigated. The 
initial iron content of the sample was ascertained and in each case 
additional iron added and the recovery measured. In all instances 
this was found to be within 2.5% of the theoretical recovery^. In some 
instances, addition of phosphate was also carried out, and in no event 
did this additional phosphate interfere with complete iron recoveiy\ 
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THE NIACIN AND PANTOTHENIC ACID CONTENT 
OF CERTAIN OHIO CORN HYBRIDS ^ 

Chas. H. Hunt, Lorraine D. Rodriguez, and R. M. Bethke® 

ABSTRACT 

The results of two years’ study A^ith eight corn hybrids grown each 
year in seven different locations in the state of Ohio show that Ohio W36 
was significantly higher in niacin than any other com hybrid studied, while 
Ohio C38 and Ohio M34 were significantly higher in niacin than Ohio K24, 

U.S. 13, U.S. 379, and Ohio M20; and Ohio C12 was significantly higher 
in niacin than U.S. 13, I^.S. 379, and Ohio M20; while Ohio K24 was higher 
in niacin than U.S. 379 and Ohio M20. 

The data show that Mahoning County grew com of the highest niacin 
content. Paulding, Belmont, and Madison Counties are locations where 
high niacin corn was produced, but not equal to that of Mahoning, while 
Hamilton County produced com of the lowest niacin content. 

The results also show that Ohio W36 and Ohio M34 have the highest 
pantothenic add content of the eight com hybrids studied, and U.S. 379 
and U.S. 13 contained the lowest amount. The other four com hybrids 
are intermediate in pantothenic acid content. 

1 Published with the approval of tlw Director of the Ohio Agncuitural Experiment Station. Re¬ 
ceived for publication November 21, 194:9. 

» Department of Animal Science, Ohio Agriculturat Experiment Station, Wooster, Ohio, 
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Pantothenic acid content also appears to be highest in corn hybrids 
grown in Mahoning County. Belmont County, however, produced corn of 
a similar (high) pantothenic acid content as that of Mahoning County, 
while Miami and Madison Counties produced corn of the lowest panto¬ 
thenic acid content. Hamilton County was also a producer of corn of 
low pantothenic acid content. The other counties are intermediate between 
the high and low area producers. 

The data show that heredity plays an important role in the niacin and 
pantothenic acid content of com and that both vitamins are affected by 
environmental factors, such as soil and weather, w’hich confirms our previous 
(Hunt et al,y 1947, and Ditzler et al , 1948) observations. 

Previous work (Hunt et aL, 1947) had shown that the niacin and 
pantothenic acid content of nine different corn hybrids grown in five 
com belt states in three different years varied significantly. In a 
later study (Ditzler et aL, 1948) it was shown that the niacin and 
pantothenic acid contents were due to the genetic makeup of the 
hybrids and to the environment (location and season). 

The present study was undertaken to obtain further information on 
niacin and pantothenic acid content of some of the principal double- 
cross corn hybrids grown in various parts of the state over a period of 
three years. The 1947 samples were immature, due to late planting 
and early frost, and therefore the data are not included in this report. 

Materials and Methods 

Eight double-cross hybrids grown at seven locations in Ohio during 
two crop years were included in this study. The corn hybrids studied 
were Ohio W36, Ohio C38, Ohio RI34, Ohio M20, Ohio C12, Ohio K24, 
U.S. 13, and U.S. 379, and the locations were Mahoning, Madison, 
Miami, Belmont, Paulding, Wayne, and Hamilton Counties. 

The representative samples were obtained by taking the grain from 
two kernel rows from twelve ears and replicating five times. The final 
sample was a composite of the above material. The samples were 
ground to a fine powder and stored in air-tight containers in a dark 
room. Niacin and pantothenic acid were assayed microbiologically, 
using methods described in a previous study (Hunt et ah, 1947). The 
niacin and pantothenic acid contents, expressed in m8* per g., were 
calculated to a moisture-free basis. The data for the eight hybrids 
were subjected to the analysis of variance test to determine the 
significance of variation due to the genetic makeup of the hybrids, 
location where grown and the year during which the crop was grown, 
as well as interactions of these three primary sources of variation. 

Results and Discussion 

The niacin and pantothenic acid contents of the corn hybrids are 
shown in Tables I and II. It is observed that there is little difference 



TABLE I 

Niacin Content of Ohio Corn Hybrids 
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Location, 0.8, significant; 1.0, highly significant. 
Hybrid, 0.8, significant; 1.1, highly significant. 
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in the average niacin and pantothenic acid content for each corn 
hybrid from all locations due to year, but there is considerable differ¬ 
ence in the vitamin content of each hybrid from one location to 
another. This shows that these two vitamins can be influenced by 
soil and other environmental factors. These differences are greater, 
on a percentage basis, in the case of pantothenic acid than in the case 
of niacin. 

For comparative purposes, the genetic makeup of the corn hybrids 
with niacin and pantothenic acid content of each, and the inbreds ® 
of which each hybrid is compared, are given in Table III. 

The results of statistical analysis show that Ohio W36 is signifi¬ 
cantly higher in niacin than all other hybrids used in this study. In 
comparison of Ohio \V36 with Ohio C38 and Ohio K24, the only 
difference in their genetic makeup is a single inbred; Ohio W36 having 
three high niacin inbred lines while Ohio C38 and Ohio K24 have only 
two high niacin inbred lines. Hybrid Ohio M20 has four inbred lines 


TABLE IV 

Variances for Niacin and Pantothenic Acid Contents 
OF Corn Hybrids 


Source of variance 

Degrees of freedom 

Niacin 

Pantothenic add 

Location 

6 

17.76** 

3.05** 

Hybrid 

7 

21.77** 

2.02** 

Year 

1 

5.45* 

2.49* 

Location X hybrid 

42 

2.12* 

.45 

Location X year 

6 

11.29** 

11.30** 

Hybrid X year 

7 

4.15** 

.87 

Error 

42 

1.06 

0.39 

Total 

ill 




* Significant. ** Highly Mgnificant. 


of low niacin content in its genetic makeup and it was the lowest in 
niacin content of any one of the corn hybrids studied, with the possible 
exception of U.S. 379; while Ohio M34 has only three inbred lines of 
low niacin content and it was significantly higher in niacin than Ohio 
M20. In a similar way, it can be shown why Ohio C38 and Ohio M34 
have a significantly higher niacin content than U.S. 13 and possibly 
U.S. 379. Unfortunately, the inbreds of which the corn hybrids are 
composed were not grown the same year or years, nor in the same 
location as the hybrids under study, and as a consequence the results 
(genetically speaking) may not appear to present as clear a relationship 
as might be expected. This is no doubt due to difference in the en¬ 
vironmental factor or factors to which the hybrids and inbreds were 

* Lonraine Rodriguez, Chas. H. Hunt, and R. M. Bethke. Protein, niacin, and pantothenic add 
in com inbred lines. In xnint. 
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TABLE V 

Effect or Location on the Niacin Content of Corn Hybrids 


Mahoning County, higher niacin content than Madison,* Belmont* 
Miami,** Wayne,** and Hamilton.** 

Paulding County, higher niacin content than Miami,** Wayne,** and 
Hamilton.** 

Madison County, higher niacin content than Wa> ne** and Belmont.** 
Belmont County, higher niacin content than Miami,* Wayne,** and 
Hamilton,** ^ 

Miami County, higher niacin content than Hamilton.** 


‘ Significant Highly significant. 

exposed. However, it is interesting to note that the decreasing order 
ol the niacin values of the corn hybrids is in the same position, with 
one exception, as the calculated values (average niacin content of 
inbreds for each hybrid). See Tables I and III. 

As previously stated, there was considerable variation in the niacin 
content of each hybrid from location to location. The variances due 
to location, hybrid, year, and the various interactions are shown in 
Table IV. The results of the analysis of variance due to location are 
shown in Table V. 

A statistical analysis of the data (Table II) shows that Ohio W36 
and Ohio M34 are significantly higher in pantothenic acid than Ohio 
C38, Ohio M20, Ohio C12, U.S. 379, and U.S. 13, while Ohio K24 is 
higher than U.S. 379 and U.S. 13. Also, Ohio C38 is higher in panto¬ 
thenic acid than U.S. 13. Furthermore, Ohio M34 is significantly 
higher in pantothenic acid than Ohio M20. Both have the same 
genetic parents, with one exception. Ohio M34 has as one parent 
inbred (Oh 02), with a pantothenic acid content of 6.2 jug. per 
g., while Ohio M20 has as one parent inbred (Oh 33), with a 
pantothenic acid content of 4.1 /xg. per g. This clearly demonstrates 
the genetic influence on the hybrids themselves. This is again 
substantiated by the fact that the decreasing order of the pantothenic 
acid values of the corn hybrids under study is, with two exceptions, 
in the same position as the calculated values (see Tables II and III). 

TABLE VI 

Effect of Location on the Pantothenic Acid Content 
OF Corn Hybrids 


Mahoning County, higher pantothenic acid content than Paulding,* 
Wayne,** Hamilton,** Madison,** and Miami.** 

Belmont County, higher pantothenic acid content than Paulding,* Wayne,** 
Hamilton,** Madison,** and Miami.** 

Paulding County, higher pantothenic acid content than Hamilton,* Madi¬ 
son,* and Miami.** 

Wayne County, higher pantothenic content than Miami.* 


Significant. ** Highly significant. 
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The calculated values as one observes are higher than the actual 
values. This apparent discrepancy may be due to the difference in the 
environmental factors and the fact that the inbreds and hybrids were 
not taken from the same location and in the same year. 

The results of the analysis of variance due to location are shown 
in Table VI. 

The survey shows that corn hybrid Ohio W36 has the highest niacin 
content and, with one exception, the highest pantothenic acid content, 
while Ohio M20, U.S. 13, and U.S. 379 are the lowest in niacin, and 
U.S. 13 is the lowest in pantothenic acid. 

The location effect shows that Mahoning County produced corn of 
the highest niacin and pantothenic acid content, while Hamilton 
County grew corn of the lowest niacin content, and Miami County, 
the lowest pantothenic acid content. 
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the effect of maturity on the niacin and 

PANTOTHENIC ACID CONTENT OF THE STALES 
AND LEAVES, TASSELS, AND GRAIN OF FOUR 
SWEET CORN VARIETIES^ 

Chas. H. Hunt, Lorraine D. Rodriguez, and R. M. Bethke^ 

ABSTRACT 

Niacin and pantothenic acid and percent dry matter were determined 
in the stalks and leaves, tassels, and grain of four varieties of sweet com 
sampled at various stages of maturity. The dry matter and niacin content 
of stalks and leaves remained remarkably constant for the first six periods of 
collection or until the ears were well filled. The pantothenic add content 
varied irregularly. 

The niadn content of the tassels decreased regularly after pollination, 
with the highest value at that time. The pantothenic acid content of the 
tassel decreased as the plant matured but the decrease was not so regular as 
that of niacin. The niacin content of the pollen collected at bloom stage was 
higher than that of the tassel. 

The dry matter of the grain increased two-fold over the period of col¬ 
lection and at the same time the niadn and pantothenic add content de¬ 
creased as the grain matured, but not proportionately to the increase in dry 
matter. The highest concentration of niacin and pantothenic acid in the 
grain occurred 18 to 20 days after the tassel bloomed. This is the “roasting- 
ear stage” when the com should be consumed. 

The possibility of developing high-niacin corn by breeding has been 
shown by several investigators (1, 2, 3, 4, 5, 6, 7). Hunt et al. (1947) 
and Ditzler et al (1948) have also shown that pantothenic acid is regu¬ 
lated by inheritance and that the niacin and pantothenic acid contents 
of corn hybrids are influenced to some extent by such environmental 
factors as season and location. 

The present investigations were undertaken to obtain information 
on the niacin and pantothenic acid content of the grain and other parts 
of the sweet corn plant at various stages of maturity, and to show the 
relation between the vitamin contents of the different parts of the 
plant. Earlier studies had shown that maturity affected the niacin 
and pantothenic acid content of field corn (unpublished data). 

Materials and Methods 

The varieties of sweet corn used were Marcross, Ohiogold, Golden 
Cross Bantam, and Stowell’s Evergreen; all grown in the same field at 

* Published with the approval of the Director of the Ohio Agricultural Experimeat Station. Re¬ 
ceived for publicatioa Octofe 17,1949. . . . 

a Depitaient of Animal Science. Ohio Agricultural Experiment Station. Wooster. Ohio. 
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Wooster in 1948. Marcross is an early-maturing variety, Ohiogold 
and Golden Cross Bantam are intermediate, and Stowell’s Evergreen 
is a late-maturing variety. Five replications of each variety were 
grown under similar environmental conditions. 

The sampling procedure in the field was as follows: Samples were 
collected at seven to eleven-day inter\'als from July 19 to September 
14, and again on October 21. The stalks and leaves were collected 
throughout the period, tassels as soon as they appeared, and grain as 
soon as it was developed sufficiently for sampling. One pollen sample 
from each variety was collected when the tassels were in full or near 
full bloom. 

The stalks were cut at the first or second node above the ear, or, at 
the early dates, at the place where the ear was appearing. This was 
partly determined by the maturity of the plant on the sampling date. 
The stalks and leaves were gathered as one sample, and the tassels and 
grain as separate samples. Duplicate samples of leaves and stalks, 
tassels, and grain were gathered which were composites of the five 
replications. These are designated as samples A and B. 

Immediately after gathering, the stalk and leaves and tassel samples 
were chopped in a Hobart mill to form a mixture, after which a 100 g. 
portion was removed for moisture determinations. The remaining 
part of the sample was run through a Waring Blendor and stored in a 
paraffined carton at freezing temperature (15®F.) until assayed. 

The grains were cut from the cob and the cob was scraped to re¬ 
move all of the grain. The grain was then mixed in a Waring Blendor, 
a portion removed for moisture determination, and the remainder 
stored in paraffined cartons at freezing temperature. 

The fresh or frozen samples were assayed microbiologically for 
niacin and pantothenic acid, according to methods described in a pre¬ 
vious study (Hunt et aL, 1947). The assay values were calculated to 
a dry matter basis. 

Results and Discussion 

The niacin and pantothenic acid contents as well as the percentage 
diy matter of the various parts of the sweet corn plant, at different 
stages of maturity’, are shown in Table 1. The data given are averages 
of samples A and B. 

Marcross was the most mature of the four varieties at the date of the 
first collection, and it matured more rapidly than the other three 
varieties. For this reason, samples collected at seven to eleven day 
intervals made a less complete record of the variation due to maturity 
in Marcross than in the other varieties. 

The dry matter of the stalks and leaves of Marcross increased from 
15.0 to 20.5% from July 19 to August 23; the niacin content increased, 
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irregularly, from 44.0 to S4.0 jug., and the pantothenic acid content 
increased from 11.7 to 18.9 /ig. per g. in the same period. The dr>^ 
matter of the tassels of Marcross increased from 29.2 to 42.0% be¬ 
tween July 19 and August 3, then decreased to 37.3% by August 23; 
while the niacin content of the tassels fell from 45.0 to 33.3 Atg. between 
July 19 and July 27 and remained more or less constant thereafter. 
The pantothenic acid content of the same variety showed similar be¬ 
havior, making its greatest decrease (37.1 to 23.0 /xg.) from July 19 to 
July 27. The dry matter of the grain of Marcross increased from 18.1 
to 36.2%, a two-fold increase, from "August 3 to August 23. The 
niacin content decreased from 61.7 to SI.5 ng. from August 3 to August 
23, while the pantothenic acid content showed little variation for the 
same period. 

The variation in the niacin and pantothenic acid content of 
maturing Golden Cross Bantam and Ohiogold were generally similar. 
Stowell’s Evergreen, a late-maturing variety, exhibited the same vari¬ 
ation a few days later than the other two. 

The dry matter of stalks and leaves of all three varieties (Golden 
Cross Bantam, Ohiogold, and StowelFs Evergreen) increased (15.3 to 
26.2, 17.0 to 27.5, and 16.4 to 26.2%, respectively) from July 19 to 
September 14. 

The niacin content of stalks and leaves of Golden Cross Bantam, 
Ohiogold, and Stowell’s Evergreen remained relatively constant until 
the last two collection dates (September 7 and 14), when there was a 
marked drop. The pantothenic acid content of the stalks and leaves of 
all three varieties (Golden Cross Bantam, Ohiogold, and StowelTs 
Evergreen) varied irregularly, being lowest at the middle collection 
period, with the highest values at the beginning and end of the col¬ 
lections. 

The dry matter of the tassels of all three varieties (Golden Cross 
Bantam, Ohiogold, and Stowell’s Evergreen) increased considerably 
(22.0 to 60.6, 24.2 to 61,4, and 21.0 to 58.9%, respectively). The 
niacin content of the tassels of each com decreased regularly, with the 
highest values at the first or second collection periods. The panto¬ 
thenic acid content of the tassels varied irregularly, with a general 
downward trend. 

The dr>' matter of the grain of all three varieties (Golden Cross 
Bantam, Ohiogold, and Stowell’s Evergreen) showed a two-fold in¬ 
crease over the period of collection (22.2 to 46.4, 18.0 to 41.8, and 16.6 
to 33.6%, respectively). The niacin and pantothenic acid contents 
of the grain decreased as the grain matured but not proportionately to 
the increase in dry matter. Variations existed among the varieties as 
to the amounts of both vitamins present at any given stage of maturity. 
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TABLE I 

Effect of Maturity on the Niaon and Pantothenic Acid Content 
or THE Various Parts of the Corn Plant. 

Micrograms per gram. Moisture Free 


i SuIks and leaves | Tassels I Gram { Pollen 


Date of 
harvest 

1 Drv 


Panto- 



Panto- 

Dr> 


Panto- 

1 

Panto- 


matter 

1 

Niacin 

theme 

acid 



theme 

acid 

matter 

% 

Niacin 

theme 

acid 

1 Niacin 

theme 

acid 


MARCROSS 


Jul. 19 

15.0 

44.0 

11.7 

29.2 

45.0 

37.0 




July 24 

Jul. 27 

18.9 

52.7 

10.5 

36.8 

33.0 

23.0 



1 



Aug. 3 

18.9 

53.7 

13.5 

42.0 

31.7 

24.0 

18.1 

61.7 



1 ^ rt 

Aug. 12 

20.5 

46.8 

14.8 

39.6 

27.8 

23.5 

23.9 

61.9 




Aug. 23 

19.1 

54.0 

18.9 

1 37.3 

32.0 

21.8 

36.2 

51.5 

16.6 , 

1 I 

1 

Oct. 21 

1 

9.7 



I 





I < 

1 1 

1 1 



GOLDEN CROSS BANTAM 



STOWELUS EVERGREEN 
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The vitamin contents of both stalks and leaves and grain of all 
varieties collected on October 21 demonstrate that the downward 
trend continued after the regular collections were stopped. The 
varietal variations evident earlier in the vitamin contents of grain con¬ 
tinued, and varietal variations in vitamin content of dry stalk and leaf 
tissue became evident. 

As noted earlier, the vitamin content of the stalks and leaves of all 
varieties remained relatively constant until the ear was well formed. 
This may be attributable to the fact that the primary function of the 
leaf is to synthesize carbohydrates, which are then translocated to the 
ear. It may be that a similar synthesis and translocation can be said 
to occur in the case of niacin and pantothenic acid. 

In the tassels, the highest concentration of the vitamins, particu¬ 
larly niacin, occurred just before or during the dispersion of the pollen 
“bloom stj^e.” The niacin content of the pollen was higher than that 
of the tassel at this stage. The same was not true of pantothenic acid. 

The highest concentration of both vitamins in the grain occurred 
eighteen to twenty days after the “bloom” stage, or when the pollen 
was dispersed. Corn cdfcsumed at this stage is succulent and sweet and 
is capable of adding considerable niacin and pantothenic acid to the 
human dietary. 
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THE QUALITY OF HARD RED WINTER WHEAT AS 
AFFECTED BY 2,4-D SPRAY APPLICATIONS' ^ 


J. A. Shellenberger,® W. M. Phillips,^ John A. Johnson ^ 
and Byron S. Miller^ 

ABSTRACT 

Samples of hard red winter wheat grown in 1948 at the Fort Hays 
(Kansas) Branch Experiment Station and representing various dates, types, 
and dosages of 2,4-D application revealed no reduction in wheat yield re¬ 
sulting from the treatment with 2,4-D. Only one date of application of 2,4- 
D in four produced a significant increase in wheat protein. WTien yield of 
protein (per cent protein X yield) was considered there was no difference 
between treated and untreated samples. Applications of 2,4-D did not 
affect the mineral content, milling, or baking quality of the wheats. These 
conclusions were based on one 3’ear*s samples, obtained from one location. 

Erickson, Seely, and Klages (2) and Sibbitt and Harris (7) have 
reported that certain applications of 2,4-D Ireatments on weed-free 
plots increased the protein content of the kernels. Sibbitt and Harris 
(7) have also reported that applications of the acetate, the triethyl 
amine, and the butyl ester of 2,4-dichlorophenoxyacetic acid to wheat 
plants at different stages of growth did not impair the milling or baking 
quality of the wheat. Several varieties of both spring and winter 
wheat were investigated (2, 7) and at the Idaho Experiment Station 
(2) the trials were conducted on both dry land and irrigated plots. 

Klingman (4) and McNeal (5) have shown that wheat yields are 
usually reduced significantly by 2,4-D treatments. Since previous 
workers have not reported on the protein content of wheat as related 
to yield, it seemed desirable to study the effect of 2,4-D treatments on 
the protein content of wheat when yield of protein (protein X yield) 
is considered. The effect of 2,4-D treatments on the mineral content 
of wheat was also investigated. 

Materials and Methods 

The wheat for this study was grown at the Fort Hays Branch 
Experiment Station in Central Kansas and harvested in 1948. The 
wheat was normal as indicated by many comparative analyses and 
milling and baking tests (6). 

1 Manuscript received October 19, 1949. 

* Cooperative investigation between the Division of Cereal Crops and Diseases. Bureau of Plant 
Industry. Soils and Agricultural Engineering. U. S. Department of Amculture and the J^nsas Alsti- 
cultural E xp er iment Station; Contribution No. 171, Department of Milling Industry, and Contribution 
No. 54, Fort Hays Experiment Station. 

* Professor and associate professor, respectively, Department of Milling Industry. 

^ Assistant agronomist and associate chemist, respectively. Division of Cereal Crops and Diseases. 
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The date and type of treatment on the randomized plots, replicated 
three times, are shown in Table L Methods of application included 
both ground and airplane spraying; however, in the interest of shorten¬ 
ing and simplifying this presentation, only the ground spraying experi¬ 
ments are included. The results were essentially the same in both 
experiments. One hundred and thirty-five samples representing 
various dates, types, and dosages of 2,4-D applications were harvested. 
All the wheat plots, including the check plots, were hand-weeded. 
Moisture, protein, and ash determinations were made on all samples 
using the methods outlined in Cereal Laboratory Methods^ 5th ed. (1). 

The baking tests were conducted using a standard sponge formula 
and baking procedure as described by Johnson and Miller (3). A 
total of 700 g. of flour was mixed in a Hobart A-200 mixer. Two 250-g. 
doughs were divided and baked from each mix. 

Results and Discussion 

Table I summarizes the yield, protein, and ash determinations for 
the wheat samples subjected to various 2,4-D treatments at different 
stages of growth. 

A summary of the analysis of variance for ash, protein, and pro¬ 
tein X yield data is presented in Table 11. Variation between 
groups was significant for ash, protein, and yield, but not for yield of 
protein. Replications within groups were also significant for all of 
the factors studied. This can possibly be explained by the wide 
distribution of the plots, although the entire experiment was conducted 
in the same area on what appeared to be uniform soil conditions. 

Yield, The various 2,4-D treatments did not reduce the yield of 
wheat significantly (Table II). This is not in agreement with the 
work of Klingman (4) or McNeal (5). However, the evidence pre¬ 
sented here indicates that the trend in treated plots as compared with 
untreated plots is toward a reduction in yield of wheat. 

Protein, Examination of Table I shows that there is no consistent 
change in protein content with increased dosages of the various 
treatments. In most instances, however, the protein content of the 
wheat tended to increase by 2,4-D applications as compared to the 
untreated plots. Group C was the only group which showed significant 
treatment differences with respect to per cent protein. The grain in 
this group was in the heading stage during the application of the spray. 
Rainfall following this application amounted to 4.27 in. during the 
next 14 days and temperatures were relatively low during this period. 
In contrast only 1.23 in. of rain were received in the two weeks fol¬ 
lowing the April 23 treatment and none from May 11 to May 29, 
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TABLE I 

Effect of Various 2,4-D Surface Spray Applications on the Yield, 
Protein, and Ash of Hard Red Winter Wheat 


Formulation | 

Mean ^'alues 


' f 

Yield 1 

Protein! 

Ash! 

bu./A. 1 

1 

% 

% 

GROUP A 

Date of treatment—^April 26, 1949; stage of growth 

—pre-fully tillered 

None 1 50.8 i 

Sodium salt* 50.0 ^ 

Butyl ester® ^ 45.5 i 

Butyl ester-f diesel oil' 50.1 

Average difference due to treatment — 2.3 

14.6 
14.5 , 

14.7 
14.5 1 

0.0 1 

> 1.69 

, 1.75 

1 1.71 

1 1.73 

1 -fO.04 


GROUP B 

Date of treatment—May 11, 1049; stage of growth—second joint 


None 

Sodium salt^ 

Butyl ester* 

Butyl ester4-diesel oil^ 

Average difference due to treatment 


47.6 

14.5 

1.71 

48.0 

14.8 

1.73 

44.5 

14.7 

1.78 

46.0 1 

14.6 

1.81 

~ 1.4 

4- 0.2 

4-0.06 


I I 


GROUP C 

Date of treatment—May 27, 1949; stage of growth—early heading 


None 

Sodium salt* 

Butyl ester* 

Butyl ester-f-diesel oil* 

Average difference due to treatment 


41.1 

14.7 

1.63 


14.7 

1.69 


15.2 

1,68 

38.5 

15.1 

1.68 


4- 0.3 i 

j +0.05 


GROUP D 


Date of treatment—June 23, 1949; stage of growth—^late dough 


None 

44.0 

14.5 

1.66 

Sodium salt* i 

42.3 

14.8 

1.66 

Butyl ester* j 

45.0 

14.6 

1,66 

Butyl ester+diesel oil* i 

44.2 i 

1 14.8 

1.62 

Average difference due to treatment j 

1 

-0.2 1 

+ 0.2 



i Results reported on 14% moisture basis. 

* Mean of results from triplicated plots to which 0.25, 0.5, and 1.0 Ib. quantities of the sodium 
salt of 2.4-dichlQrophe&o3c}’Bcetic acid were added as a surface spray. 

* Same as footnote 2, except the butyl ester of 2,4>dichlorophenoxyacet£c add was employed. 

«Same as footnote 2, except the butyl ester of 2.4-dicl2loropheixoxyacetic add in 5 qts. of diesel 
oil was employed. 

» Same as footnote 2, except 0.25,0.5, 1.0, and 1.5 lb. quantities of the sodium salt of 2,4-dlchIoro- 
phenoxyacetic add were emplo^'ed. 

M footnote 2, except 0.12, 0.25. 0.5, 0.75, and 1.0 lb. quantities of the butyl ester of 
2.4-diduorophenoxyBcettc add were employed. 

u footnote 2, ewpt 0.12. 0.25, 0,5, 0.7S, and 1.0 lb. quantities of the butyl ester of 
2»4-diclih»ophexioxyacetic add in 5 qts. of diesel oil were emplc^ned. 
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Average protein differences were sufficiently large to indicate a 
significant treatment effect in the analysis of the data from all groups 
(Table II). Least significant mean differences determined in the 
usual way showed that the mean value of per cent protein for Group 
C was significantly higher than that for any of the other groups. 
However, when total protein (per cent protein X yield) data were 

TABLE II 

Effect of 2,4-D Treatments on Wheat Yield, Protein, Ash, and Yield 
OF Protein (Protein X Yield) 


Sources of variation 

Degrees ot 
freedom 

Mean squares 
Sield 

Mean squares {Mean squares 1 IMean squares 
protein , abh protein Xyield 

1 1 

ANALYSES OF VARIANCE BY GROUPS 

Group A—Treatment April 26, 1948—^Stage of growth, pre-fuUy tillered 

Replications 

Treatments 

Error 

Total 

1 

2 

9 

17 

28 

143.4** 

19.6 

23.4 



2.18* 

0.33 

0.48 

Group B—Treatment May 11, 1948—^Stage of growth, second joint 

Replications 

Treatments 

Error 

Total 

2 

14 

28 

44 

321.7** 

39.0 

37.7 



6.50** 

0.76 

0.81 

Group C—^Treatment May 27, 1948—^Stage of growth, early heading 

Replications 

Treatments 

Error 

Total 


m 


0.018 

0.005 

0.006 

2.56** 

0*22 

0.32 

Group D—Treatment June 23, 1948—Stage of growth, late dough 

Replications 

Treatments 

Error 

Total 

2 

9 

18 

29 

148.8»* 

12.4 

18.9 

0.34** 

0.06 

0.05 

0.013** 

0.002 

0.001 

2.58** 

0.26 

0.41 

ANALYSES OF VARIANCE FOR ALL GROUPS 

Groups 

Treatments 
Replications within 
groups 

Groups X treatments 
Error 

Total 

3 

9 

8 

27 

71 

118 

418.0*** 

27.7 

142.1*** 

16.3 

25.0 

0.92** 

0.18* 

0.26** 

0.09 

0.08 

0.079* 

0.004 

0.014* 

0.005 

0.005 

6.86 

0.44 

2.48** 

0.30 

0.54 


aignmcajnt at tne 
♦♦ Sgnificant at the 1^ 
Sisnificant at the ( 


level* 
i level. 


Kl% level. 
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analyzed, the treatment differences for this group were no longer 
significant. 

Ash, The statistical calculations (Table II) revealed no significant 
differences in the mineral content of the wheat as a result of 2,4-D 
applications. Differences due to replications, however, were signifi¬ 
cant within certain groups. 

Yield of Protein {Yield X Protein). Several workers (2, 7) have 
reported that 2,4-D treatments increased the protein content of 
wheat. For practical purposes, “yield of protein” representing both 
yield and protein content should also be considered, since it is recog¬ 
nized generally that the protein content of wheat is higher when grown 
under conditions causing reduced yields. It seems probable that the 
reported protein increase caused by 2,4-D applications was obtained 
at a sacrifice in yield. In the reports previously published (2, 7) 
protein content of 2,4-D treated plots have not been analyzed statis¬ 
tically nor discussed in relation to wheat yield data. However, in this 
work based on one year’s study at one location, 2,4-D applications did 
not produce a significant difference in “yield” of protein. 

Milling and Baking Tests. There was no indication that the 
milling quality of wheat was influenced by the spray treatments. 
Similarly the baking quality’ of the treated wheats was not impaired. 
This corroborates the work of Sibbitt and Harris (7). Samples in 
Group A (Table I) showed a slight increase in loaf volume with in¬ 
creasing concentrations of all three types of spray. Application of 
sprays at later stages of development did not produce similar effects, 
although the wheats produced were somewhat superior to those in 
Group A with respect to both protein content and loaf volume. 
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PREPARATION OF DRIED NATIVE WHEAT GLUTEN' 

C. V. Lusena 


ABSTRACT 

A new method of preparing dried purified wheat gluten that retains its 
native properties consists of dispersing a washed gluten in 0 005 N acetic 
acid, centrifuging, and vac-ice drying the dispersion (lyophilizing). Washed 
gluten was used because the salts present in flour substantially reduced 
the solubility of gluten protein at concentrations of about 0.5 g. per liter of 
solution. Centrifuging removed the starch quantitatively. The dried 
gluten is a stable white powder containing 8% bound crude fat. Baking 
tests show that the purified gluten was substantiall> undamaged. 

The preparation of suitable bulk samples of wheat gluten for 
research purposes is difficult and the usual practice has been to start 
each test with a separate portion of flour and either disperse it in a 
gluten solvent or use it to prepare a washed gluten for dispersion. 
This individual treatment of samples is not ideal because it may lead 
to considerable variation both in the purity of the gluten and in the 
extent to which it has been altered within a single series of tests. 

The object of the present investigation was to prepare bulk samples 
of gluten for experimental purposes. Obviously, to be of value, the 
prepared gluten should be as near to its native state as possible, and 
it should be purified, stable, and easily handled. These requirements 
suggested that gluten should be dispersed in a mild solvent, purified, 
recovered from dispersion, dried, and, if necessary, ground. 

Dilute acetic acid appeared to offer most promise as a gluten 
solvent. Neutral solvents have been considered milder (3) but the 
slow hydrolysis observed in acetic acid has been shown to be due to an 
enzyme (10). Concentrations of acetic acid as low as 0.01 N have 
been suggested (10). Strong acids at concentrations as low as 0.1 N 
have been used but they appear to be less satisfactory than weak acids 
(6). Recovery of gluten from dilute acetic acid dispersions demands 
only that the acetic acid be neutralized (11). 

The literature is less informative on the best method of preparing 
gluten dispersions. The relation between lipoids and gluten is com¬ 
plex; ether will extract fats from normal flour but not from well 
moistened flour (9). Dispersions have been prepared in dilute acetic 
acid directly from flour (6), but other investigators have been unable 

I Manuscnpt received November S, 1949. Contribution from the Division of Applied Biologyi 
National Research Laboratories, Ottawa, Canada. Issued as Paper No 80 on the Indastnal Utiliza- 
Uon of Wastes and Surpluses and as N. R. C. No. 2088. 
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to use flour directly (11). Salts, even at low concentrations, affect the 
solubility of gluten in acids (14). The more common practice is to 
prepare crude gluten by making flour into a dough and then washing 
it in tap water or buffer solution. The resulting mass requires either 
a long contact time with the solvent or mechanical treatment. The 
use of the latter has been criticized on the basis that it changed the 
shape of the ultracentrifuge sedimentation diagrams (7), but as the 
treatment given involved precipitation and redispersion, the evidence 
against mechanical treatment is not conclusive. In view of the ap¬ 
parent contradictions in the literature, preparations of dispersions from 
flour and from washed gluten were compared. 

Gluten dispersions and in some cases recovered gluten were dried 
by freezing the mixture and removing the moisture under vacuum. 
This method, sometimes called lyophilization, is referred to in this 
paper as vac-ice drying. 

The final step was to determine if the purified gluten had retained 
its native characteristics. Probably the most comprehensive test of 
gluten quality is the baking test; it has been used to evaluate the 
quality of crude gluten (1, 4, 5). Consequently, in this study, the 
gluten preparations were subjected to baking tests. A recommended 
procedure of preparing purified gluten is given at the end of this paper. 

Materials and Methods 

The flour was a commercial first patent flour containing 12.8% 
protein (14% moisture basis), prepared from Western Canadian 
Spring Wheat No. 1 and No. 2 Northern. The manufacturer revealed 
that it had been aged with nitrogen trichloride (Agene) and bleached 
with benzoyl peroxide (Novadelox). As most investigators have used 
unmodified (non-extracted) flour the fats were not extracted from the 
flour in this study. 

Nitrogen contents were determined by micro or macro Kjeldahl 
methods. Moisture content was determined by drying to constant 
weight at 75®C. at less than 1 mm. of mercury pressure, ash by 
ignition at 600®C., and starch polarimetrically (2). Crude fat was 
determined as follows: the samples were extracted with absolute 
ethanol for 18 hr. in a Soxhlet extractor, the extract was evaporated 
to drymess at 100®C., the residue was extracted with chloroform, the 
chloroform extract was filtered and dried at 65®C. overnight and 
weighed as crude fat. Hydrogen ion concentration was determined 
electrometrically using a glass electrode. Concentrated gluten dis¬ 
persions were diluted to approximately 1 mg. of nitrogen per ml. of 
dispersion prior to determining the pH; otherwise the protein co¬ 
agulated on the electrodes. Diluting dispersions containing 10 mg. 
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of nitrogen per ml. had no effect on the pH value obtained, so it was 
assumed that diluting more concentrated dispersions did not alter the 
pH appreciably. 

The baking formulas employed by Aitken & Geddes (1) were used. 

Restdts 

Choice of Material for Dispersion, Preliminary tests showed that 
crude gluten would disperse almost quantitatively in 0.01 N acetic 
acid to give dispersions containing 8 mg. of nitrogen per ml. of dis¬ 
persion (4.5% gluten) but when flour containing the amount of gluten 
needed to give a dispersion of this concentration was used, only a 
small fraction of the gluten protein dispersed. The cause of this was 
traced to a water-soluble material since making flour into a dough did 
not increase the amount of protein which dispersed in acetic acid, 
whereas stirring flour in water, centrifuging, and discarding the liquid 
increased the amount of gluten that dispersed in acetic acid to the 
same value as when crude gluten was used. 

The effect of water-soluble flour components on the solubility of 
gluten in 0.01 N acetic acid was investigated further. The material 
precipitated by 70% alcohol from an aqueous extract of flour had no 
effect on the solubility of gluten in 0.01 N acetic acid, nor did the 
material left after dialysing an aqueous extract of flour. Various 
0.01 N acetic acid solutions containing different amounts of ash were 
prepared by adding aqueous extract of flour, the 70% alcohol soluble 
fraction of an aqueous extract, the dialysate of an aqueous extract, 
the ash from an aqueous extract of flour, and salts to simulate a 
synthetic ash.® Then 5.0 g. portions of vac-ice dried gluten (prepared 
by a procedure given later) were dispersed in 100 ml, portions of the 
various solutions with a Waring Blendor. The vac-ice dried gluten 
dispersed in aqueous acetic acid in less than 2 min. and was not affected 
by prolonged stirring; a 5 min. mixing time was allowed with the acetic 
acid solutions containing ash so that a slower rate of dispersion would 
not be confused with insolubility. The results in Fig. 1 show that, 
irrespective of the source of ash, a concentration of 0.5 to 0.75 g. per 
liter was sufficient to reduce substantially the solubility of gluten. 
The pH of the dispersions did not vary enough to have any effect on 
the amount of gluten dispersed. 

These results show the necessity of removing the soluble ash from 
flour prior to dispersing the gluten. Starch does not decrease the 
solubility of gluten but it increases the amount of the dispersion which 
is lost during purification. Consequently, crude gluten was selected 
as the best starting material for gluten dispersions. 

»pne liter of salt solution contained 1.67 g. of KHiPO^, 0.47 g. of Mgt(P04)«*4Hi0. 0.31 g. of 
NaiS04, 0.23 g. of Mg^ 4 . 0.17 g. of Ca SO 4 , 0.12 g. of MgCli and 0.03 g. of FeSDi *7HiO. 
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Dispersion of Crude Gluten. Crude gluten was dispersed in 0.01 
and 0.005 N acetic acid with a Waring Blender and at the end of the 
mixing time five drops of n-octy\ alcohol were stirred in. Since the 
toughness of crude gluten is increased by a more complete removal of 
the starch and since the extent of mechanical treatment required is 
obviously related to the tenacity of the crude gluten, tests were under¬ 
taken to establish the best washing conditions. Three samples of wet 
gluten were prepared that contained, on analysis, 42%, 25%, and 6% 
starch respectively, on a dry* basis. Portions of each, sufficient to 



ASH CONTENT OF SOLVENTS - CM. PER LITRE 
Fiff. 1. Effect of salts on the solubility of gluten in 0.01 N acetic acid. 

give approximately 4% gluten dispersions, were mixed with the 
solvents in a Waring Blendor for vaiynng periods and the proportion 
dispersed was determined. The results, recorded in Table I, show that 
except for the toughest gluten (Sample 3), 3 min. stirring was sufficient. 
Large particles of Sample 3 were apparent at the end of this period, 
but after 7 min. stirring it gave the highest percentage dispersion. 
Tests showed that the lower percentage dispersion with the other 
samples was not due to salts, and therefore, the more complete disper¬ 
sion of Sample 3 is attributed to a more thorough removal of acid-insol¬ 
uble components during washing. Sample 1 also gave a higher loss of 
gluten during purification owing to the amount adhering to the starch, 
which was removed by centrifupng. 
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The gluten containing 25% starch was considered satisfactory and 
a stirring time of 5 min. was ample. The gluten washing procedure 
developed by Shewfelt and Adams (14) 3delds a gluten containing 
approximately 25% starch and was accordingly adopted. Details 
are given in the last section of this paper. 

As 0.005 N acetic acid disperses gluten, it seemed worthwhile to 
determine if dispersion were a function of pH alone. Dispersions 
were prepared in 0.0025, 0.005, and 0.01 N hydrochloric acid. The 
first failed to disperse the same amount as 0.005 N acetic acid. The 
pH of a dispersion in 0.005 N hydrochloric acid containing 7.0 mg. of 
nitrogen per ml. of dispersion was 4.9 as compared to 5.1 in 0.005 N 
acetic acid. This similarity suggested that pH was the important 
factor. 

Purification of Gluten Dispersions, Preliminary" tests on dispersions 
containinjg 7 mg. nitrogen per ml. of dispersion showed that centrifug- 


TABLE I 

Effect op Starch Conteot? on the Dispersability 
OF Gluten in Acetic Acid 


Sample 

starch 

content, 

dry 

matter 

Protein dispersed m 
0.005 N acetic acid, % 

Protein dispersed in 

0.01 .V acetic acid, % 

After 

3 mm. 
stirring 

After 

5 min. 
stirring 

After 

3 mm. 
stimng 

After 

5 mm. 
stimng 

After 

7 mm. 
stirric^ 

1 

42 

94.4 

94.6 

95.0 

95.1 

95.0 

2 

25 

96.2 

96.3 

96.3 

96.0 

96.2 

3 

6 

10 

93.3 

15 

93.6 

98.1 


ing in bottles of 200 ml. capacity at 2,000 times gravity for 10 min. 
effectively sedimented undispersed material. As purification was 
probably related to viscosity, i.e., to gluten concentration, different 
dispersions were centrifuged at the same rate and for the same time 
and their starch contents determined. Cooling the dispersions during 
preparation increased the starch content of the purified gluten, there¬ 
fore, extracts were made and centrifuged at room temperature. The 
results recorded in Table II show that the starch content, expressed as 
a percentage of the dry matter, remained almost constant up to a 
concentration of 7 mg. nitrogen per ml. but increased with concentra¬ 
tion thereafter. Longer centrifuging would have purified more con¬ 
centrated dispersions, but for convenience, 7 mg. nitrogen per ml. of 
dispersion was accepted as a suitable concentration. Purification by 
precipitation and dispersion is reported later. 

Recovery of Gluten, Gluten is readily salted out from an acetic 
acid dispersion, but as this would contaminate the gluten with salt, it 
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TABLE II 

Effect of Gluten Concentration on Purification 


Concentration of 
acetic acid, N 

Concentration of 
dispersion, mg. nitrogen 
per mL 

pH of dispersion 

Starch content of 
gluten, %, dry 
matter 1»sis 

0.005 

4.2 

4.7 

0.06 


5.5 

4.9 

0.06 


6.1 

1 5.0 

0.06 


6.7 

, 5.0 

0.06 

1 

7.9 

' 5.2 

1 0.10 

0.01 

4.3 

1 4.5 

i 0.06 


5.6 

j 4.6 

0.06 


6.0 

4.7 

f 0.05 


6.7 

1 4.8 

0.06 


' 7.4 

4.8 

0.07 


8.1 


0.09 


8.8 

1 4.9 

0.09 


f 9.3 

4.9 

0.08 


was abandoned in favor of neutralizing the acetic acid with saturated 
calcium hydroxide solutions. WTien gluten dispersion was added to 
calcium hydroxide solution the pH of the supernatant liquid was lower 
than when the alkali was added to the dispersion. Above pH 9.5, 
gluten redispersed. To avoid high local concentrations, either a 
Waring Blendor or an ordinary stirrer was employed. 

The relation between pH, as influenced by the addition of calcium 
hydroxide solution, and gluten recover>^ with each stirring method is 
shown in Fig. 2. At the lower pH values, recovery was less with the 
mechanical stirrer—probably because the protein had a lower pH 
than the liquid—^but at pH 6.5, and higher, recovery was better with 
the stirrer; the Waring Blendor tended to redisperse the gluten as 
alkalinity increased. The mechanical stirrer also had the advantage 



pH 

Fi^ 2. Effect of pH on the recovery of gluten. 
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that all but about 0.5% of the gluten collected on the stirrer shaft and 
was easily removed. (The remaining 0.5% can be centrifuged out and 
collected if desired.) The stirrer is therefore preferred during pre¬ 
cipitation. Pressing and draining the gluten made it more tenacious 
and greatly interfered with redispersion. 

Second Dispersion and Purification, With a Waring Blender, a 
number of dispersions of soft (unpressed) gluten in 0.01 N acetic acid 
were prepared from one sample of recovered gluten. The amounts 
used varied from SO to 250 g. of wet gluten per 250 ml. of 0.1 N acetic 
acid. Over 99.5% of all the amounts up to and including 200 g. 
dispersed. As the gluten contained water, 200 g. would dilute the 
acetic acid to about 0.006 N, The dispersions were centrifuged and 
the amount of sedimented starch determined. The results given in 
Table III show that the amount of starch sedimented decreased as the 

TABLE III 

Dispersion and Purification of Recovered Gluten 


Cone, oi dispersion, mg. 
nitrogen per ml. 

pH of dispersion 

Gluten dispersed, % 

Starch sedimented, 

% by weight of gluten 

8.5 

5.1 

99.7 

0.12 

10,3 

5.2 

99,8 

0.11 

11.5 

5.3 

99.6 

0.11 

12.7 

5.3 

99.7 

0.08 

14.5 

5,4 

99.7 

0.07 

16.1 

5.5 

99.6 

0.05 

17.1 

5.5 

99.2 

0.04 

10.1 

5.5 

90.1 

0.04 

21.0 

5.6 

99.7 

0.04 

23.4 

5,6 

99.6 

0.04 

19.9 

5.7 

65.0 

— 


gluten concentration increased. A concentration of 10-12 mg. nitro¬ 
gen per ml. of dispersion permitted satisfactory’ purification and 
further dilution had no effect on the amount of starch which was 
sedimented. The results also show that up to 23 mg. of gluten 
nitrogen per ml. can be dispersed. No gluten sedimented out during 
10 days cold storage. 

Repeated recovery and dispersion of gluten appeared to remove a 
non-gluten nitrogenous substance; after the first recovery^ 4r-S% of the 
nitrogen remained in the supernatant liquid, but with repeated recovery 
and dispersion this value fell to about 1% and the concentration of 
nitrogen in the supernatant liquid dropped to, and remained at, 0.12- 
0.14 mg, nitrogen per ml. This probably represents the solubility of 
gluten in the supernatant liquid. 

Vac-4ce Drying of Gluten, Dispersions containing &-23 mg, nitro¬ 
gen per ml. were poured into aluminum trays to a depth of 0.5 cm. and 
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frozen at — 18®C. This required about 2 hr. The trays were placed 
in a vacuum chamber on heavy metal shelves and the pressure main¬ 
tained below 1 mm. of mercury. To counteract cooling due to 
evaporation, heat was applied electrically to maintain the temperature 
of the shelves at — 1®C, The evaporated moisture was condensed on 
a coil which was held at — 20®C. Drying required 36 to 48 hr. The 
gluten remained as a white layer which showed the cr>"stal pattern of 
ice. It was readily crumbled into a powder when passed through a 
40-mesh sieve. 

Properties of Vac-ice Dried Gluten, The vac-ice dried gluten 
readily formed a tenacious glutenous mass when mixed with water in 
the ratio of 1 g. of gluten to l.S ml. water. It dispersed quantitatively 
in distilled water up to concentrations of 17 mg. nitrogen per ml. (with 
a Waring Blendor) and the pH of the dispersions was below 5.0. This 
solubility" and the low pH were attributed to bound acetic acid. 
Acetic acid evaporates readily under the conditions of vac-ice drying 
in the absence of gluten, but analyses showed that gluten dried from 
dispersions retained about 0.5% acetic acid. On neutralizing the 
gluten, by adding dilute sodium hydroxide, the solubility decreased 
to 0.14 mg. nitrogen per ml., i.e., to the solubility of recovered gluten 
in distilled water. The pH of minimum solubility was 6.55, which 
is the same as that of recovered gluten. 

A typical analysis of a preparation follows;— 

Dry matter basis, % 


Protein (nitrogenX 5.7) 90.0 

Crude fat (alcohol soluble) 8.0 

Ash 0.5 (or less) 

Acetic acid 0.5 

Starch 0.01 (or less) 


Diy" matter was normally above 92%. The crude fat in the gluten 
was not ether-soluble. 

Baking Quality Tests, To determine the effect of varying the 
conditions of preparation of gluten, 12 samples were made. The pH 
of the first dispersion was varied from 4.8 to 5.2 by changing the 
concentration of acetic acid and the pH of the second dispersion, from 
4.3 to 5.5. One sample was recovered and vac-ice dried, the others 
were vac-ice dried directly from dispersion. 

A soft white spring wheat flour containing 8.0% protein (14% 
moisture basis) was used as the base flour for baking tests and gluten 
preparations were added to increase the protein to 13.5%. As a 
control, an air-dried crude gluten was prepared from the same flour 
by the method of Aitken and Geddes (1) as they have shown that this 
method gives an undamaged gluten. Preliminary trials showed that 
the malt-phosphate formula was more satisfactory than the malt- 
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phosphate-bromate formula as it gave loaf volumes 40 cc. higher with 
the base flour, 45 cc. higher with the base flour plus control gluten, 
and 80 cc. higher with the base flour plus purified gluten. Examina¬ 
tion of the physical appearance of the crust showed that the loaves 
had a characteristic **over-aged’’ appearance. The possibility was 
tested that w-octyl alcohol (which was used as an antifoam) might 
interfere but the amount that could be present (even if none were lost 
during drying) had little effect on the volumes of loaves made from an 
ordinary flour. 

TABLE IV 


Effect on Baking Quality of Increasing the Protein Content of a 
Soft Wheat Flour to 13.5% with Various Gluten Preparations 


Gluten 

prepara¬ 

tion 

Description of added gluten 

pH, first 
disper¬ 
sion 

pH 

second 

disper¬ 

sion 

Loaf 

volume, 

cc. 

Crumb 

Color 

Texture 


None added 

_ 

_ 

450 

I 4.5 

4.5 


Control gluten (air dried) 

— 

— 

680 

4.5 

4.5 

1 

Recover^ and dried 

4.8 

— 

655 

5.0 

6.0 

2 

Dispersion dried 

4.8 

5.5 

660 

5.0 

5.5 

3 

As 2, neutralized 

4.8 

5.5 

665 



4 

Dispersion dried (Stored 6 

5.0 

5.2 

695 

i 6.0 

6.0 


months at 5®C.) 






5 

Dispersion dried 

5.2 

5.5 

705 

5.0 

6.0 

6 

Dispersion dried 

4.8 

5.6 

640 

5.0 

S.S 

7 

Dispersion dried 

4.8 

5.2 

620 

5.0 

5.5 

8 

Dispersion dried 

4.8 

5.1 

630 

5.0 

5.5 

9 

Dispersion dried 

4.8 

4.9 

615 

5.0 

5.5 

10 

Dispersion dried 

4.8 

4.7 

600 

4.5 

5.5 

11 

Dispersion dried 

4.8 

4.5 

565 

4.0 

5.5 

12 

Dispersion dried 

4.8 

4.3 

540 

4.0 

5.5 


Preparations 1-12 were vac-ice dried. 

All 1st dispersions were in 0.01 N acetic acid with the exception of Nos. 4 and 5 where 0.005 N 
acetic acid was used. 

The 2nd dispersion for No. 2 to No. 6 were in 0.01 N acetic acid. For the subsequent samples the 
acid concentration was proportionately increased to 0.05 N. 

Baking results are means of duplicates. 


As the malt-phosphate formula gave higher loaf volumes it was 
used in the main series. Duplicate loaves were baked and the mean 
results are recorded in Table IV. The baking results suggest that 
the best gluten preparations, Nos. 4 and 5, were slightly better than 
the control gluten. Dried recovered gluten, No. 1, was not signifi¬ 
cantly different from dried dispersed gluten. No. 2. Neutralized 
gluten, No. 3, was little better than No. 2. Preparation No. 4, which 
had been stored for six months at 5®C., was similar to a new sample, 
No. 5. Increasing acid concentration both in 1st and 2nd dispersions 
affected the baking qualities of the gluten adversely. For comparison, 
a hard red spring wheat flour contmning 13,5% protein was baked; the 
loaf volumes were 715 cc. by the malt-phosphate formula and 815 cc. 
by the malt-phosphate-bromate formula. 
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Discussion 

The effect of salts on the dispersion of gluten in dilute acetic acid 
has been shown. The critical concentration of salts which interferes 
with the dispersion of gluten is about 0.5 g. per liter. If a flour con¬ 
taining 0.5 ash and 10% gluten is used directly, the soluble salts 
present will interfere with the preparation of dispersions containing 
more than 1.4% gluten, i.e., 2.5 mg. of nitrogen per ml. of dispersion. 
Below this concentration normal flour does not contain enough soluble 
salts to interfere. This probably accounts for some of the incon¬ 
sistencies in the literature. It is significant that those who have used 
flour directly have prepared only dilute gluten dispersions. 

In the preparation of purified gluten of good baking quality the pH 
of the dispersion is important. That of the first dispersion should be 
5.0 or higher and that of the second 5.5 or higher. Neither the 
dispersion of gluten nor its recovery reached 100%; the former is 
attributed not to the presence of salts but to an acid-insoluble material 
that is removed on washing, and the latter to a water soluble non¬ 
gluten fraction that has been recognized by others (8, 13) and also to 
the slight solubility of gluten. 

The loaf volume for a “strong^* flour by the malt-phosphate 
formula vras only 10 cc. higher than that of a flour fortified with the 
best gluten (No. 5, Table IV). The addition of bromate increases the 
loaf volume of a strong flour by 100 cc., but it decreased the loaf volume 
of a vac-ice gluten fortified flour by 80 cc. and that of a control gluten 
fortified flour by 45 cc. These results and the “over-aged” appearance 
of the crust are partly due to “aged” flour being used to prepare the 
gluten. Some difference in bromate response between the “fortified” 
flour and that of a “strong” wheat flour would be expected because 
part of the protein of the former is of poorer “quality” than that of the 
latter. Since the control gluten was not affected adversely to the same 
extent as the purified gluten, this would suggest that the purified 
gluten was slightly modified. Further studies on gluten from lab¬ 
oratory milled flours and on fat-free flours are needed. 

Recommended Procedure for Preparing Purified Dried Gluten 

1. Gluten Preparation- Mix 1,000 g. flour and 800 ml. tap water 
at 30®C. for 20 min. in a suitable dough mixer. Add 3,000 ml. tap 
water and stir for 2 min. with a high speed stirrer. Separate the 
gluten on a screen and drain to approximately 500 g. Divide into 
eight portions. 

2. Dispersion. Disperse each portion in 250 ml. of 0.005 N acetic 
acid for 5 min, with a Waring Blender. Stir in five drops »-octyl 
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alcohol at the end of mixing. Check the pH (S.0-S.2). (Total 
volume 2,500 ml., concentration about 8 mg. of nitrogen per ml. of 
dispersion.) 

3. Purification. Centrifuge for 10 min. at 2,000 times gravity. 
(A continuous centrifuge can be used but conditions must be estab¬ 
lished that reduce the starch to the desired level.) 

4. Recovery. Stir the combined dispersions and add 14 ml, sat¬ 
urated (filtered) calcium hydroxide per 100 ml. dispersion. Check the 
pH of the supernatant liquid and titrate to pH 6.5~^.8. Recover the 
gluten from the stirrer and by screening, if necessary. Further 
handling interferes with the following steps. Divide into four portions. 

5. Second Dispersion and PurificaMon. Disperse each portion in 
250 ml. 0.01 N acetic acid for 5 min. with a Waring Blendor. Stir in 
5 drops w-octyl alcohol at the end of mixing. (pH 5.5-5.7, total 
volume 1,500 ml., concentration about 13 mg. nitrogen per ml. disper¬ 
sion.) Centrifuge and recover as before. N.B.—If freedom from 
starch is not important, the concentration can be increased to 20 mg, 
per ml. and this reduces the drying load. 

6. Vac4ce Drying. Pour the dispersion into rust-resistant metal 
trays to a depth of 0.5 cm., freeze, and while it is still frozen evaporate 
at low pressure. Heat has to be applied to counteract cooling due to 
evaporation and the temperature should be maintained at — 1®C. 
Drying requires 24-36 hr. if the pressure is kept below 1 mm. of 
mercury. The product can be rubbed through a 40-mesh sieve. 

7. Storing. As a precaution, store the gluten in sealed containers 
in a refrigerator at about S®C. 

N.B.—^Steps 1-5 inclusive do not require more than 3 hr. 
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NUMBERS, KINDS, AND SOURCE OF MOLDS IN FLOURS 

Clyde M. Christensen and Mortimer Cohen ^ 
ABSTRACT 

The mold counts of approximately five hundred samples of flour, col¬ 
lected principally in commercial mills, ranged from several hundred to more 
than 5,000 per g. Three samples of washed wheat from one mill, collected 
as the wheat went to the first break rolls, contained only a few hundred 
molds per g., while the flours milled from these wheats contained up to 
several thousand molds per g. Flour collected from the interior of 
spouts, roll housings and other mill machinery bore from several thousand 
to several million molds per g., of the same species as were commonly 
encountered in commercial flours. The chief source of mold contamination 
of flour appears to be molds growing and sporulating within the milling 
system itself. The predominant molds in most of the flours were Asper- 
giUus glaucus and A. candidus. Unidentified species of Penicillium made 
up a major portion of the mold flora in only a few samples of commercial 
flour. Several other genera were found in most samples, but only in small 
numbers. 

The evidence now available, if not extensive, is at least sufficient to 
indicate that freshly milled flour bears considerable numbers of differ¬ 
ent bacteria, yeasts, and molds. The literature dealing specifically 

1 Paper No. 2467. Scientific Journal Series, University of Minnesota. Agricultural Experiment 
Staticm. Manuscript received September 7, 1949. 

* Prof, of Plant Pathology, and Research Assistant in Plant Pathology, respectively. Divirion of 
Plant Pathology and Botany. 
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with molds in flour is scanty. Barton-Wnght (1) stated that freshly 
milled flours contained on the average from 1,000 to 2,000 molds per 
g The medium he used was not designed specifically to select 
molds, and so the counts he reported probably were somewhat low. 
Christensen (2) compared several technics and a number of different 
media for the purpose of determining mold counts of flour. He found 
malt-salt agar to be preferable to the others tested, primarily because 
it resulted in larger counts and a greater number of species, in the 
majority of samples, than any of the other media tested. James and 
Smith (4) in a rather thorough study of the microflora of five Canadian 
flours, obtained a higher mold count on malt-salt agar than on Czapek's 
agar in all five samples. They emphasized the need for adequate 
replicates, as well as suitable sampling technics and selective media, 
in determining the microfloral population of flour. The chief aims of 
the present work were to determine the number and kinds of molds 
present in commercial wheat flours, and to explore some of the possible 
sources of this contamination. The data were obtained from assays 
of approximately five hundred samples of flour, from 16 mills, over a 
period of nearly four years, and thus is to be considered only as a 
moderately extensive preliminary survey. 

Materials and Methods 

Collection of Samples, Most of the samples of flour were collected 
at the mills, although a few were obtained from bakeries. At the 
mills, the flour from different streams usually was obtained by inserting 
a small, sterile paper bag into the spout to get the amount wanted. 
With a few exceptions, each sample comprised from 4 to 16 ozs. 

Determining Mold Population, One gram of flour was weighed on 
sterile filter paper on a torsion balance sensitive to 0.01 g., placed in a 
4 oz. bottle containing 10 g. of sterile quartz sand and 100 ml. of sterile 
water to which a wetting agent had been added in concentration of 
approximately 1:10,000. Previous tests had indicated that the 
wetting agent in this concentration had no inhibitory effect on germina¬ 
tion or growth of the molds concerned. The mixture was then shaken 
200 times, and 1 ml. portions immediately pipetted into each of two 
to four sterile petri dishes. Twenty ml. of malt-salt agar (20 g. malt 
extract, 20 g. agar, 75 g. NaCl, 1 liter of water) cooled to 48-50®C. 
were added, the dishes swirled to distribute the flour through the agar, 
and allowed to stand until the agar hardened- The dishes were then 
stacked and covered to exclude air contaminants. Occasionally flour 
sterilized by heating to 180®C. for 4 hours was similarly sampled as a 
control; these seldom averaged one mold colony per plate, indicating 
that chance contamination was negligible. 
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The dishes were incubated in a laboratory at temperatures of 
21-23®C. Colonies were counted after five to seven days. In most 
cases the dishes were examined both with the naked eye and micro¬ 
scopically, at magnifications of lOX to 30X. 

Variation in Mold Counts of Flour from Different Mills, The mold 
counts of flours from 16 mills in IS cities of 9 different states are 
presented in Table 1. A number of different types of flour were in¬ 
cluded, so that data probably indicate only the general range of mold 
contamination that is to be encountered. Some of these samples were 


TABLE 1 

Mold Counts of Wheat Flours from Different Mills 


Mill No ! 

1 

1 Location 

1 

T> pe of flour 

Date collected 

Molds per 

£ 

1 i 

i Idaho 

Cake 

Aug ’46 

200 

2 

Idaho j 

Bakers Patent 

Aug. ’46 

500 

3 

, 1 tah 

Bakers Patent 

Aug. *46 

300 

4 

Colorado 1 

Bakers Patent 

Aug. ’46 

800 

5 

Colorado 

Famil> Patent 

Aug. ’46 

1,400 

6 

Kansas 

Bakers Patent 

Aug. *46 

800 

7 

Kansas 

Famil> Patent 

\ug. '46 

1,400 

8 

Kansas 

Bakers Patent 

Aug. ’46 

4,000 

9 

Missoun 

Patent i 

1 ^ug. '46, sample 1 

2,200 




sample 2 

3,100 

10 

IVIissouri 

Sponge 

Aug. ’46 

2,900 

11 

Missouri 

Bakers Patent 

Aug. *46, sample 1 

2,600 




sample 2 

3,300 




sample 3 

4,800 




sample 4 

5,200 

12 

Minnesota 

Clear 

Aug. *45 

4,700 




Nov. *45 

1,100 




Nov. *45 

900 

13 

Minnesota i 

Family Patent 

July *45 

200 

14 

S. Dakota 

Bakers Patent 

Nov. *46 

600 

1 



Dec. *47 

1,800 




Jan. *48 

3,200 

i 



Jan. *49 

400 

IS 

Or^on 

Bakers Patent 

Jan. *49 

1,500 

16 

New York 

Bakers Patent 

Aug. *46, sample 1 

900 




sample 2 

800 


obtained from mills, some from bakeries. In all cases the moisture 
content of the flour was considered to be too low to permit significant 
increase in molds during the time that elapsed between samples and 
assaying them. 

Variation in Mold Counts among Representative Streams, Fourteen 
streams in each of two mills and 21 in another were assayed, the first 
two in November, 1945, and the third in September, 1946. The data 
in Table 2 were selected from these samplings to illustrate the general 
range of mold contamination in the various streams of each of the 
three mills. 
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TABLE 2 

Mold Counts of Flour from Representative Streams in Three Mills 


Stt earns 

MiU 

1 

2 

3 


1st break 



2,800 

2nd break 



4th break 

3,800 , 

; 6,600 


1st middlmgb 


2nd middlings 

1 1 

1 


dth middlings 

1st scalp 

1 , 
1 ! 

3,900 

200 

3rd scalp 

1st tailings 

1 i 

6,900 

6,400 


2nd tailings 

7,400 

1 

9,200 i 


Variation in Mold Counts among Different Streams of the Same 
Mills, and within the Same Stream at Different Times, In one mill, all 
of the streams that contributed to the “first clear'' were sampled at 
intervals of four to eight hours through a period of 24 hours, during 
January, 1947, and the bran and shorts streams were sampled at the 
beginning and end of the 24 hour period. The aim was to determine 
whether some streams were contributing significantly more molds than 
others to the final product, and also to determine whether the portion 
of the seed going into flour had a higher or lower mold count than the 
portions not going into flour. Approximately 80 samples were as¬ 
sayed, and typical data are presented in Table 3. These were chosen 
to indicate the degree of mold contamination encountered, in this 
single test, in the various streams that contributed to the final flour 
and those that made up the portions not going into flour. 

Variation within a Given Sample. To determine the variation 
within a given sample, five additional one-gram portions of the first 
middlings flour collected at 3 p.m. in January, 1947 (included in Table 
3) were assayed. According to the first assay, this flour had a 


TABLE 3 

Mold Counis of the Same Streams in One Mill at Intervals 
OF 4 TO 24 Hours, January 21-22, 1947 



Ibt Bk. 
flour 

Ist mtd- 
dlmgs floiur 

Ist tailings 
flour 

1st clear 
flour 

Bran 

Shorts 

Jan. 21, 11 A.M. 

6,800 

3,400 

4,700 

4,600 

1,200 

3,200 

3 P.M. 

4,300 

800 

6,400 




7 P.M, 

5,700 

1,700 

6,300 


2,600 


11 P.M. 

8,900 

2,400 

4,600 




Jan. 22, 3 A.M. 

12,800 

5,000 

8,300 


3,000 


11 A.M. 

8,000 

1,400 

6,200 

3,300 

700 

6,200 
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count of 800 molds per g. Five plates were used for each of the five 
replicates. As determined by these replicates, the mold count of this 
sample was, respectively, 800, 1,000, 1,050, 1,100, and 1,350 per g., 
with an average of 1,050. Another sample which, according to the 
original assay, had a mold count of 7,200 per g., was assayed by five 
different workers. Their results on this sample were 7,000, 6,800, 
7,000, 7,300 and 7,200 per g. 

Thus, variations due to technic and to unequal distribution of 
spores within the sample probably may be expected to fall within a 
range of 5% to 20%. If dilutions are used that result in 20 to 50 
colonies per plate, as was the case in most of the present work, the 
variations between replicates of the same sample usually amounts to 
no more than plus or minus 5% to 10%. 

Source of the Molds Present in Flour. Evidence presented elsewhere 
(2) shows that wheats, as they come to the mill, may have a mold 

TABLE 4 

Mold Counts of 3 Samples of Wheat Before and After Washing, 

AND OF Typical Products Milled from Them 


Wheat bample number 



1 

2 

3 

Wheat before washing 

2,800 

— 

1,900 

Wheat after washing 

300 

HsiH 

500 

Tempered wheat 

300 


500 

Bran 

2,600 

1,900 

1,200 

Shorts 

3,200 

4,700 

2,700 

Patent 

1,800 

3,200 

400 


count of from 2,000 to 5,000 or more per g. Data gathered in the 
present tests support the contention that this is a “normal” mold 
contamination of high grade wheats as they arrive at the mill. To 
determine whether these molds on the wheat seed were contributing 
significantly to the mold contamination of flour milled from the same 
seed, the mold counts of unwashed, washed, and tempered wheats, and 
of the various fractions milled from these wheats, was determined. 
The results are presented in Table 4. 

While the data are limited in number, they are from samples 
gathered at approximately annual intervals and thus represent different 
varieties of wheat grown under widefy different environmental condi¬ 
tions in the Great Plains area. Evidently, the mold count of high 
quality wheat, after washing, usually amounts to only a few hundred 
per g. The greater mold counts of the bran and shorts as com¬ 
pared with that of the washed wheat might be explained by the 
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hypothesis that most of the mold present in the seed is present as 
mycelium in the outer layers of the pericarp. In at least one of the 
samples, however, 100% of the mold count of the washed wheat 
was Alternaria^ but Alternaria did not make up more than 5% of 
the count of the bran or shorts milled from this wheat. Also, the 
relatively high count of molds in two of the samples of patent flour 
obtained from wheat with a low mold flora as it went to the break rolls 
could not be explained by such a hypothesis. This suggested that 
molds common in flour were increasing and multiplying within the 
milling system itself. 

To test this, various samples of flour were collected from the in¬ 
terior of roll housings, spouts, conveyers, and other places where the 

TABLE 5 

Mold Counts or Flour Adhering to Interior of Mill Machinery 


Mill 

Source of flour 

Molds per g 

1 

Conveyer of 834 reel 

88,000 

2 

Break roll housing 

1,117,000 

3 

First break reel 

Inner side of cover of inspection 
opening in 2nd break shaker 

16,000 


1,500,000 

4 

1st break roll housing 

4,700 


2nd break roll housing 

11,000 


3rd break roll housing 

726,000 


4th break roll housing 

13,000 


Sth break roll housing 

2,456,000 


2nd midds. red. roll housing 

364,000 


3rd midds. red. roll housing 

892,000 


4th midds. red. roll housing 

5,000 


5th midds. red. roll housing 

1,014,000 


6th midds. red. roll housing 

1,020,000 


Sizings reduction roll housing 

3,360,000 


relative humidity might be high enough to favor the increase of molds. 
The results are presented in Table 5. 

The molds cultured in large numbers from this material were of the 
same species as those encountered as major contaminants in commercial 
flours from these and other mills. Most of the mold contamination 
of commercial flours that we have sampled appears to come from 
within the mill machinery^' itself. Additional proof of this is offered by' 
a summary of the major types of mold contaminants of the flours we 
have assayed, as given below. 

Principal Kinds of Molds Cultured from Commercial Flours, Ap¬ 
proximately 20 species of molds, in eight genera, have been found in the 
flours so far sampled. Of these, Aspergillus glaucus and A, candidus 
have made up from 60% to 90% of the counts in the majority of 
samples, r^ardless of the location of the mill, the t 3 pe of wheat milled, 







1S4 


MOLDS IN FLOUR 


Vol. 27 


TABLE 6 

Molds Isolated from Flour 


A. Prevalent in most samples 

Aspergillus Caucus 
A. candidus 

B. Prevalent in occasional samples 

PeniciUium sp. 

A spergiUus flavus 

C. Present in small numbers in some samples 

Aspergillus ockraceus 
A, niger 
A. versicolor 
A, terreus 
Rhizoptis nigricans 
Mucor racemosus 
Hormodendrum sp. 

Alternaria tenuis 
Helminthosporium sp. 

Fusarium sp. 


or the time the samples were collected. In a few cases, species of 
PeniciUium not yet identified have predominated. Other molds have 
been present only in small numbers, and then usually only in streams 
such as the purifier suction, where some contamination from outside 
air might be expected. The principal molds present in nearly all of 
the several hundreds of different samples we have assayed are those 
known to grow and sporulate at relative humidities between 7S% and 
85%. Thus they could be expected to prevail within most milling 
systems to a greater or less extent. The approximate composition 
of the fungus flora isolated by the writers from wheat flour is given in 
Table 6. 

Longevity of Fungi in Flour, One sample of flour collected origi¬ 
nally in a sterile tin container and one collected in a sterile paper bag 
were stored in the laboratory at room temperature for two to three 


TABLE 7 

Mold Counts of Flour After Storage for 2 to 3 Years 


Sample 

Date tested 

Molds per 
s- 

Composition of fungus flora 

1. Bakers 

I 

i 


Patent 

Feb. ^46 

3,600 

Aspergillus glaucus 75% 

A, cawidus 15% 




PenicilHum 10% 


Sept. ^47 

2,700 

Same as in 1946 


Jan. ’49 

1,400 

Same as in 1946 

2. 4th Break 

Feb. ’47 
Jan. ’49 

7,200 

7,200 

Principally AspergUlus candidus 
Same as in 1947 
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years, and periodically assayed for molds. The original and subse¬ 
quent mold populations of these are given in Table 7. 

Obviously the mold spores present in these flour samples lost their 
viability rather slowly. This perhaps is to be ecpected, since the 
spores of some of these molds are known to remain viable, in dry 
materials, for some years. 


Discussion 

The data gathered in this study indicate that commercial flours 
generally are contaminated with from several hundred to several 
thousand viable mold spores per g., or from 100,000 to several 
million per pound. The flour from some mills appears to have a 
consistently higher mold count than that from other mills. The mold 
count of flour from a given mill seems to be determined more by condi¬ 
tions that prevail within the milling machinery' than by the wheat from 
which the flour is milled. There is, at present, no evidence to indicate 
whether any of the molds found in the present study, in the numbers 
they were found, have any significant effect on flour quality. In some 
of the flours, considerable numbers of unidentified yeasts were present. 
The work of James and Smith (3) indicates that flours may contain 
various kinds of bacteria and yeasts as well as molds. Eventually 
it would seem desirable to determine whether the microfloral popula¬ 
tion of flour—^bacteria, yeasts, and fungi—^might, at times, affect the 
quality of flour for baking purposes. 
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COMMUNICATION TO THE EDITOR 


Preparation of Spray Dried Wheat Gluten* 

Dear Sir: 

Drying of wheat gluten to preserve its bread baking qualities may 
be accomplished by exposure of the gluten in films or small pieces to 
air at room temperature, by evaporation of water from the frozen 
material at low pressures (.lyophilization), or by vacuum oven drying 
at temperatures of 30-40®C. Of these methods, only the last is appli¬ 
cable to commercial operations at present and low capacity and long 
drying periods make it of limited value. 

The finding that wheat gluten can be readily dispersed in 0.01 N 
acetic acid to give solutions containing up to 15% dry matter* sug¬ 
gested the possibility of spray drying these solutions to recover the 
gluten. 

Gluten was dispersed in 0.01 N acetic acid, centrifuged to remove 
starch, precipitated by neutralizing the acetic acid and redispersed in 
0.01 N acetic acid to give a concentration of approximately 12%.* 
The pH of the dispersions varied between 5.6-S.8 depending on the 
amount of gluten dispersed. The gluten dispersions were delivered 
to a laboratory spray drier of the conventional cyclone type described 
in detml elsewhere.’ The spray in this small drier was produced by 
pumping the dispersion with a small centrifugal pump to the spray' 
nozzle where it was atomized by an air jet operating at 20 p.s.i. The 
hot air used for drying was supplied at the rate of 90 cu. ft. per min. 
Inlet temperatures were varied from 250'’F. (121°C.) to 300®F. (149“C.) 
(higher temperatures could not be obtained with the heating equip¬ 
ment available), and exhaust temperatures were varied from 175°F. 
(79°C.) to 225“F. (107‘’C.) (lower exhaust temperatures failed to dry 
material adequately). Within the range of air inlet and exhaust 
temperatures found practicable the gluten was recovered as a fine 
powder of about 2.5% moisture content. Most of the gluten was 
collected from the main drying cone but, owing to its low density, a 
considerable proportion was carried over and recovered from the 
collecting system. 

»N.R.C. No. 2089. 

*Lusena, C. V. Preparatioa of dried native wheat gluten Cereal Chem. 27: 167-178, 1950 

* Woodcock, A. H. and Teasier, H. A Jabozntoxy spxay drier. Can. J. Research, F. 21. 75-77, 
1943. 
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On addition of water the dried gluten immediately formed a sticky 
cohesive mass similar in physical characteristics to the original gluten. 
Retention of native properties in the dried gluten was assessed by 
solubility in dilute acetic acid solution and by baking tests. All 
gluten samples had 95% solubility in 0.005 N acetic acid indicating 
that little denaturation had taken place. The baking test consisted 
of addition of the gluten to a soft white spring wheat (containing 8,3% 
protein, 14% moisture basis) to raise the protein content to 13.5% 
and baking by the malt phosphate formula.** 

TABLE I 

Baking Quality of Wheat Gluten Prepared by Spray Drying 
Under Various Conditions 

(Gluten dispersions used contained approximately 12% dry matter) 


Sample no. 

operating conditions 

Baking quality 

Drying temp., ®F. 

Dried 

product, 

g./hr. 

Loaf 

volume, 

C.C. 

Crumb* 

Inlet 

Exhaust 

Color 

Texture 

Control (air- 
dried 
gluten) 


— 

— 

680 

4.5 

4.5 

Vac-ice dried 
gluten 

— 


— 

640 

5.0 

5.5 

Spray dried 
glutens 

2 

3 

4 

5 

6 

300 (149®C.) 
300 (149°C.) 
300 (149“C.) 
275 llSS^C,) 
275 (135*’C.) 
250 (121®C.) 

175 (TO'C.) 
200 (93'’C.) 
225 (107'C.) 
175 (79'’C.) 
200 (93*C.) 
200 (93’’C.) 

396 

274 

209 

274 

187 

122 

680 
640 1 
575 i 
640 
615 
600 

5.5 
5.0 

4.5 

5.5 
5.0 
5.0 

5.5 

6.0 

5.0 

6.0 

5.5 

5.0 


•The Grain Research laboratory, Winnipeg, uses the following verbal descriptions for both 
color and texture: excellent, 8.6-10.0; very good, 7.0-8.5; good, S.5-6.9; fair, 4.5-5.4; poor, below 4.5. 


Conditions for the drying operation and results of the baking tests 
are given in Table I. They show that loaf volume decreased with 
increasing exhaust temperatures at both the 300®F. (149®C) and 
275®F. (135°C.) inlet temperatures. None equalled the control in 
loaf volume, but this is attributed to the use of 0.01 N acetic acid for 
dispersing the original gluten as it was later shown that 0.005 N acid 
gave large loaf volumes,® equivalent to those obtained with gluten 
preparations dried from the frozen state. An inlet air temperature of 
300®F. (149®C.) and exhaust temperature of 17S®F. (79®C.) gave the 
highest drying capacity and a slightly superior product. 

*Aitken, T. R., aiid Geddea, W. F. The effect on flour atoenrth of incteashig the prot^ content 
by the addition of deled gluten. Cereal Chem. 15:181-196 (1938). 
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While starch-free gluten was used in the present study, a crude 
gluten containing 10-15% starch could be used. These results show 
the feasibility of spray drying solutions of wheat gluten to ^deld a dry 
product that retains its bread baking properties. 

Novembers, 1949 

C. V. Lusena 
G. A. Adams 

Dmsion of Applied Biology 
National Research Council 
Ottawa, Canada 
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thereto. Papers must be based on original investigations, not previously described elsewhere, which 
make a definite contribution to existing knowledge. 
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SUGGESTIONS TO AUTHORS 

GeneraL From January 1,1948, an abstract will be printed at the beginning of 
each paper instead of a summary at the end, references will be numbered to provide 
the option of citing by number only, and date of receipt, author's connections, etc., 
will be show in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
“On Writing Scientific Papers for Gireal Chemistry” (Trans, Am, Assoc, Cereal 
Chem, 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 8^ by 11 inch white paper, and all original drawings or photographs 
for figures. If possible, one set of photographs of figures should also be submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The title footnote shows “Manuscript received . . 
and the name and address of the author's institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introducti^ Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be cited instead. 

References are arranged and numbered in alphabetical order of authors' names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors* names and year may be cited alsa Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40: I-CCK. 1946. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, disc^ion, acknowledgme^, and literatja-e 
cited. Alternately, a group of related studies, each made with diffe^t materials 
or methods, may require a separate section for each study, with subsections for mate¬ 
rials and methods, and for results, under each section. Center headings are used for 
main sections and italicized run-in headings for subsections, and headings should be 
restricted to these two types only. 
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Tables* Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer¬ 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side headings should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables "viithout a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables should be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing “(TABLE I)’* in the appro¬ 
priate place between lines of the text (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts¬ 
man. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable; curves should be drawn heaviest, axes or frame intermedi¬ 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

All drawings should be made about two to three times eventual reduced size with 
India ink on white paper, tracing linen, or b/w^-lined graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be -fff to Jth inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc¬ 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and Tables” 
(Trans. Am. Assoc. Cereal Chem. 3 : 69-104. 1945) amplifies these notes. 

Text. Qarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequences for paragraphs and for sentences within paragraphs, and a skill¬ 
ful use of headings and topic sentences are the greatest aids to clarity. Gear phras¬ 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the definite 
to the vague. Trite circumlocutions and useless modifiers are the main causes of 
verbosity; they should be removed by repeated editing of drafts. 

Editorial Style A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary. A few points 
which authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than **per cent” is used following figures. All units are abbre¬ 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5®-10® C.). Place 0 before the decimal point for correlation co¬ 
efficients (r = 0.95). Use * to mark statistics that exceed the 5% level and ** for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, c.g., A/(B -|- C). Use lower case 
for farinograph, mixogram; etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style kfanual or the Dictionary. 
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AN INVESTIGATION OF COMMERCIAL FUNGAL AND 
BACTERIAL ALPHA-AMYLASE PREPARATIONS 
IN BAKING 1 

J. F. CoKN,- J. A. Johnson,^ and B. S. Miller® 
ABSTRACT 

Commercial alpha-amylase preparations including two bacterial and 
six fungal sources were employed as diastatic supplements and compared 
with malted wheat flour. It was demonstrated that fungal preparations 
maj' be used for commercial alpha-amylase supplementation if the ratio 
of proteinase to alpha-amylase is not excessive. The two bacterial prepara¬ 
tions caused the bread crumb to be sticky and gummy and were, therefore, 
undesirable as flour supplements. These properties were associated with 
the amylase and not the proteinase activity. The reasons for the stick>’ 
and gummy bread crumb could not be fully determined but may be ex¬ 
plained by the lesser affinit}" of the bacterial amylase enzjTne for low 
molecular weight dextrins. Separate proteinase and alpha-amylase supple¬ 
mentation studies indicated that hard red spring wheat flours may require 
more proteinase than hard red winter wheat flours to produce optimum 
bread. Both alpha-amylase and proteinase supplementation increased the 
bread crumb compressibility. 

The proteinase and alpha-amylase activities of a flour supplemented 
with a fungal enzyme concentrate decreased during storage at various 
temperatures. Lower temperatures favored greater retention of enzymatic 
activity. The rate of decrease was approximately the same whether the 
supplemented flour was stored in the presence of air, nitrogen, or oxygen. 
Bacterial spore counts and bread storage data indicated no signiflcant 
difference in degree of contamination at equivalent levels of supplementation 
by suitable commercial fungal alpha-amylase preparations and the supple¬ 
ments now in use* 

The ability of malted cereals to impart desirable characteristics to 
bread has been long recognized. In recent decades the desirable 
characteristics have been shown to result from the action of certain 
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enzyme systems which are present in the malted grain. Germinated 
cereals are the most common source of diastatic supplements. Other 
possible sources include those produced by culturing bacteria and 
fungi. There has been extensive commercial production of alpha- 
amylase by the growth of selected strains of Bacillus subfUis, Bacillus 
mesentericus^ and Aspergillus oryme on suitable media. The amylases 
generally produced by these organisms have been found to be of the 
alpha type. Green (4), Kneen and Sandstedt (10), and Miller and 
Johnson (13) suggest that fungal alpha-amylase may be suitable for 
use in baking. 

The evaluation of alpha-amylase sources for baking purposes is 
not a simple problem. Kozmin (11), and Proskuiy’akov, Grinberg 
and Kozhevnikova (15) have shown that excessive malt alpha-amylase 
supplementation caused inelastic and sticky crumb. Miller and 
Johnson (13), however, observed no stickiness of the crumb when 
using an aqueous malt extract equivalent to 6% malted wheat flour. 
Bacterial amylases have shown little promise as diastatic supplements 
(7) due to the production of sticky bread crumb. Kneen and Sand¬ 
stedt (10) reported that bacterial amylases have considerably higher 
thermostability than malt alpha-amylase. Hopkins and Kulka (5) 
suggested that the differences in the behavior of bacterial and malt 
alpha-amylase may be due to less affinity of bacterial alpha-amylase 
for low grade dextrins. Both of these properties could explain the 
excessive starch liquefaction due to bacterial alpha-amylase resulting 
in sticky bread crumb characteristics. 

Enzymes other than alpha-amylase are also of concern in supple¬ 
mentation. The improvement in loaf volume and grain resulting 
. from the addition of small amounts of several proteolytic preparations 
to flours was attributed by Read and Haas (16) to a mellowing action 
on the gluten, giving a more workable dough. Excessive dosages of 
proteinases have been shown to be detrimental by many workers (3, 
7, 9, 13, 16). Miller and Johnson (14) developed technics appropriate 
for the inactivation of either alpha-amylase or proteinase in malted 
wheat and barley flour and fungal preparations. Johnson and Miller 
(9) have studied the role of alpha-amylase and proteinase in bread¬ 
making. These workers (9) found that high concentrations of pro¬ 
teinase provided by a fungal preparation caused detrimental effects 
to loaf volume, grain and texture. Fungal preparations were shown 
to be satisfactory as diastatic supplements if the ratio of amylase and 
proteinase is controlled. 

While present regulations in the United States permit flour to be 
supplemented only with malted wheat or barley flour, hearings have 
been held recently by the Federal Securit\’^ Agency preparatory to 
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issuing new ‘^standards of identity** for bread. One subject for 
consideration has been the use of alpha-amylase from sources other 
than malted wheat or barley. 

The objective of this investigation was to study the characteristics 
of commercial bacterial and fungal alpha-amylase preparations and to 
determine the feasibility^ of their commercial use as alpha-amylase 
supplements. Consideration also was given to the retention of alpha- 
amylolytic and proteolytic activity in flours supplemented with a 
commercial fungal alpha-amylase preparation and stored under con¬ 
trolled conditions. 

Materials and Methods 

A commercial hard red winter, straight grade flour, having a 
protein content of 11.8% (14.0% moisture basis), was used for the 
majority of the experiments. In addition, three hard red spring and 
two hard red winter bakers* patent flours ranging in protein content 
from 11.5% to 12.5% were used in studying the separate effects of 
alpha-amylase and proteinase supplementation. All flours were un¬ 
malted and showed good malt response. 

The alpha-amylase supplements included a commercial malted 
wheat flour and eight commercial enzyme concentrates, sLx of which 
were of fungal and two of bacterial origin (Table I). 

TABLE I 

Alpha-Amylase and Proteinase Activities of Various Enzyme 
Preparations Compared to Malted Wheat Flour 


Ratios of activities 


Enzyme 

Alpha amylase 

Proteinase 

Ratio of pro¬ 
teinase to 
alpha-amylase 

Malted wheat flour‘ 

1 

1 

1 

Maltase-20 (fungal) 

66 

67 

1 

Rhozyme-S (fungal) 

120 

1000 

8.3 

Diastase-29 (fungal) 

0.21 

417 

2000 

Diastase-32 (fungal) 

5.7 

244 

43 

Diastase-33 (fungal) 

50 

31.6 

0.63 

Diastase-34 (fungal) 

80 

0.19 

0.002 

Diastase-28 (bacterial) 

31 

5.7 

0.18 

Diastase-30 (bacterial) 

24 

69 

2.9 


^ 40 alpha-amylase units of activity (17) per gram. 


The sponge-dough baking procedure reported by Johnson and 
Miller (9) was employed. Alpha-amylase dextrinization activity was 
determined by the procedure described by Sandstedt, Kneen and Blish 
(17).^ The starch liquefying activity of the alpha-amylase was de- 

* Although the method used for determining dextxinogenic activity was designed for malt pxept- 
arations, it has also been used in this study for determining the dextiinogenic activity of both fun^ 
and bacterial amylases. 
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termined with the amylograph employing 6S gms. of flour and 450 ml. 
of liquid as described by Anker and Geddes (2). Proteinase activity 
was determined by the Ayre-Anderson method as modified by 
Miller (12). 

Arbitrary- terms were defined to indicate the proteinase and alpha- 
amylase concentrations used in baking. The term indicates 

alpha-amylase supplementation equivalent to the alpha-amylase 
added by 0.25% malted wheat flour having an activity- of 40 alpha- 
amylase units per gm. The term indicates a level of proteinase 
supplementation per 100 g. of flour equal to that amount of proteinase 
which would give a titration of one ml. of 0.0714 N sodium hydroxide 
in the proteolytic activity determination (12). 

The effect of temperature on the inactivation of alpha-amylase 
from various sources was determined by the technique used by Johnson 
and Miller f8). Techniques used for the differential inactivation of 
alpha-amylase and proteinase were described by Miller and John¬ 
son (14). 

Crumb compressibility was determined with a Bloom Gelometer 
after storage of the bread in sealed plastic bags for periods of 24 and 
96 hours. The experimental value was expressed in grams of lead shot 
required to press a one-inch plunger 4 mm. into a slice of bread. Two 
determinations on each of two slices cut from three loaves chosen from 
each experimental group were recorded. 

The effect of oxygen, nitrogen, and air atmospheres on enzyme 
activity ivas studied by storing flour supplemented with Rhozyme-S, 
one of the fungal preparations, at a level equivalent to 1% malted 
wheat flour alpha-amylase. The samples were stored at 5®C., room 
temperature, and 35®C. for eight months. 

The A.A.C.C. method (1) for determining the total bacterial spores 
in flour was used for determination of spore counts in the various 
enzyme preparations. James and Smith (6) have indicated that this 
method gives only presumptive indications of the number of rope 
spores. 

Results and Discussion 

The alpha-amylase activities of six fungal and two bacterial prepara¬ 
tions were found to vary from a fraction to as much as 120 times that 
of the commercial malted wheat flour (Table I). The proteinase 
activities of these same enzyme concentrates were found to vary from 
a fraction to as much as 1,000 times that of malted wheat flour. The 
ratio of proteinase to alpha-amylase was found to vary from a fraction 
to as much as 2,000 times that of malted wheat flour. 

Preliminary experimental sponge baking studies using quantities 
of these enzyme preparations which provided equivalent alpha- 
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amylase levels indicated that the bacterial preparations, Diastase-28 
and -30, produced sticky bread crumb. These preparations produced 
no evidence of excessive proteolytic activity. Diastase-29 auid 
Diastase-32, however, contained excessive amounts of proteinase as 
measured by chemical means and as indicated during fermentation. 
No sticky bread crumb was observed in bread containing these prep¬ 
arations. Rhozyme-S, Maltase-20, Diastase-33, and Diastase-34, as 
well as the two bacterial preparations were believed to warrant further 
investigation. 



TEMPERATURE *0 

Fig. 1. 'The effect of heating and enzyme source on the retention of alpha- 
amylase activity; a, Diastase-28, wu:terial; b, Diastase-SO, bacterial; c, Rhozyrae-S, 
fungal; d, Malted wheat flour; and e, Rhozyme-DX, bacterial. 

Bacterial Concentrates as Enzyme Supplements. The evidence in 
the literature (7,10) suggests that some bacterial alpha-amylases have 
high thermostability. The effect of temperature on the inactivation 
of alpha-amylase was studied, therefore, as one of the possible explana¬ 
tions of crumb stickiness resulting from the use of bacterial Diastase-28 
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and -30. The results (Fig. 1) obtained for various preparations includ¬ 
ing those for a bacterial preparation (Rhozyme-DX) known to possess 
high thermostability show that the alpha-amylases of Diastase-28 and 
-30 were actually less thermostable than malted wheat flour alpha- 
amylase. Rhozyme-DX, as expected, possessed high thermostability. 
These results showing that amylases from different bacterial strains 
may differ in thermostability corroborate the work of Tilden and 
Hudson (18). Thus, the thermostability of these bacterial alpha- 
amylases does not explain the reason for sticky crumb caused by these 
particular bacterial preparations. 

The effect of elevated temperatures on the relative dextrinogenic 
activity of alpha-amylase from various sources was also investigated. 
The dextrinogenic activity of malted wheat flour at 50®C. as compared 
with that at 30°C. was found to increase more than that of Diastase-28 


TABLE II 

Effect of Alpha-Amylases From Various Sources on Maximum 
Amylograph Curve Heights 


Preparation 

Concentration^ 

Maximum height 

Per cent height of 
corresponding malted 
wheat flour curve 



B.U.* 

% 

Malted wheat flour 

IX 

385 

— 

Malted wheat flour 

1/2X 

630 

— 

Diastase-28 

IX 

340 

88 

Diastase-28 

1/2X 

550 

87 

Dia8tase-30 

IX 

280 

73 

Diastase-30 

1/2X 

480 

76 


1IX—concentration equivalent to the alpha-amylase provided by 0.25% malted wheat flour 
supplementation. 

» B.U.—Brabender units. 


and -30. This would suggest that the alpha-amylase of malted wheat 
flour would be more active at this temperature than the alpha-amylase 
of Diastase-28 and -30. Maximum amylograph viscosities obtained 
with malted wheat flour were higher than those obtained when equiva¬ 
lent levels of Diastase-28 and -30 were used (Table II). Thus, based 
on amylograph data, equivalent levels of Diastase-28 and -30 would 
be expected to produce greater starch d^adation than an equivalent 
level of malted wheat flour. However, from the temperature of 
inactivation data and the dextrinization activities at the elevated 
temperature, malted wheat flour would be expected to produce greater 
starch degradation than the bacterial preparations. This apparent 
anomaly may be explained by assuming a lesser affinity of bacterial 
alpha-amylase for lower molecular weight dextrins as suggested by 
Hopkins and Kulka (5). Accordingly bacterial alpha-amylase mole- 
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cules may be free to split greater numbers of starch molecules, with a 
corresponding increase in dextrin formation and stickiness of bread 
crumb. 

Crumb stickiness due to the presence of bacterial alpha-amylase 
was evident at O.IX concentration of either Diastase-28 or -30. This 
stickiness was accentuated at higher concentrations. No dough 
stickiness associated with excessive proteolytic activity was observed 
at any time during fermentation. From the baking results (Table III) 
it was concluded that as the concentration of Diastase-28 or -30 was 
increased, sticky bread crumb resulted before any beneficial effects 

TABLE III 

Effect of Starch Liquefying and Saccharifying Enzymes 
ON Development of Crumb Stickiness 


DIASTASE-28 


Rhozyme-S 

concentration! 

Bacterial 

enzyme 

concentration! 



Loaf volume 

Crumb properties 



% 

% 

cc. 


0 


68 

70 

2835 

Satisfactor>' 

0 


65 

65 

2840 

Slightly sticky 

0 


67 

65 

2880 

Slightly sticki^ 

IX 

IX 


50 

3015 

Very sticky 

4X 

IX 

55 

50 

2940 

Very sticky 


DIASTASE-30 


0 


65 

65 

2950 

Satisfactory’ 

0 


65 

65 

3060 

Slightly sticky 

0 

0.2SX 

60 

65 

2900 

Slightly sticky 

IX 

IX 

55 

50 

3025 

Very sticky 

4X 

IX 

50 

50 

2915 

\^er>^ sticky 

IX 


85 

80 

2975 

Satisfactory 

4X 


80 

83 

2925 

Satisfactory 

0 

0 


75 

2865 

Satisfactory 


* IX—concentration of alpha-amylase equivalent to the alpha-amylase provided by 0.25% malted 
wheat flour supplementation. 


appeared. Thus, Diastase-28 and -30 were not suitable as diastatic 
supplements for baking. 

Fungal Concentrates as Enzyme Supplements. An investigation 
was made of supplementation with Rhozyme-S, Maltase-20, Diastase- 
33 and -34 compared with malted wheat flour using alpha-amylase 
concentrations of IX, 4X, and 8X. The results are shown in Table IV. 
Each fungal preparation was blended with flour to give a product 
equivalent in alpha-amylase activity to that of malted wheat flour. 
Optimum results were obtained with malted wheat flour at 4X con¬ 
centration while Rhozyme-S and Maltase-20 produced best results at 
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TABLE IV 

Baking Data Using Rhozyme-S and Maliase-20, Diluted with 
Flour as Alpha-Amylase Supplements 


Preparation 

Concen¬ 

tration! 

Grain 

Texture 

Loaf 1 
volume 1 

Dough properties 

] 

1 

1 

c* 

to 


ff. 




\ 80 

1 80 

2858 1 

Satisfactory 

Malted wheat flour 

IX 


90 

2971 

Satisfactory' 

Malted wheat flour 

4X 

92 

90 

3025 

Slightly slack 

Malted wheat flour 

8X 

85 

85 


Slightly slack 

Rhozyme-S 

IX 

87 

85 

2992 

Slightly slack 

Rhozyme-S 

4X 

1 80 

83 

2963 


Rhozyme-S i 

8X 


80 

2945 

Very slack 

Maltase-20 

IX 


88 

2942 

Satisfactory 

Maltase-20 

4X 

88 i 

88 


Slightly slack 

Maltase-20 

8X 


75 

2975 1 

Slightly slack 

Diastase-33 

IX 

88 

88 

2947 

Satisfactory 

Diastase-33 

8X 

90 

90 


Slightly slack 

Diastase-34 

IX 

88 



Satisfactory 

Diastase-34 

8X 

92 

92 


Satisfactory' 


»IX—concentration equivalent to the alpha-amylase provided by 0.2S®o malted wheat flour 
supplementation. 


IX concentration. The bread baked with Diastase-33 and -34 did not 
exhibit a marked optimum alpha-amylase level, but appeared to be 
adequately supplemented at IX concentration. Increasing the con¬ 
centration of Rhozyme-S and IMaltase-20 beyond the IX level caused 
the grain and texture to become inferior. There was no evidence of 
sticky or gummy crumb characteristics at these high alpha-amylase 
concentrations. The dough, however, slackened excessively during 

TABLE V 


Baking Data Using Rhozyme-S with Various Percentages 

OF THE PrOTEIN.VSE ReMO^’ED 


Alpha-amylase 

concentration! 

Proteinase 

retained 

Grain 

Texture 

Loaf volume 

Dough properties 


% 

% 

‘T 

cc. 


0 


70 

70 

2833 

Satisfactory 

IX 

10 

85 

90 

2916 

Satisfactory 

IX 

25 

75 

85 

2796 

Satisfactory 

IX 1 

50 

80 

80 ! 


Slightly slack 

IX 

75 ' 

75 1 

75 

2879 


4X 

10 

85 1 



Satisfactory 

4X 

25 

83 I 

88 

2971 

Satisfactory 

4X 

50 

78 i 

85 

2946 

Slack 

4X 

75 

75 ! 

75 

2879 

Slack 


* IX—concentration equivalent to the alpha-amylaae provided by 0.25% malted wheat flour. 
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fermentation due to excessive proteolysis and became difficult to 
machine when the highest enzyme concentrations were employed. 
Baking results obtained with Rhozyme-S from which various 
proportions of the total proteinase activity had been removed are 
presented in Table V. A tendency to produce slack dough was noted 
when 50% of the proteinase was present and considerable slackening 
was observed at both IX and 4X concentrations of alpha-amylase 
containing three-fourths of the original proteinase activity. The best 

TABLE VI 

Bakin'G Data Indicating the Separate Effects of Alpha-Amylase 
AND Proteinase Supplementation 


Rhozyme-S 

alplia-amylase 

concentration' 

Dia8tase-29 

proteinase 

concentration^ 

Grain 

Texture 

Loai \olume 

Dough properties 


HARD RED 

WINTER FLOUR 





% 

cc. 


0 

0 

75 

80 

2916 

Satisfactory^ 

0 

lY 

80 

78 

2981 

Satisfactor\* 

0 

4Y 

85 

80 

2988 

Slightly slack 

IX 

0 

90 

88 

3059 

SaBsfa'ctory 

IX 

lY 

90 

88 

3041 

Slightly slack 

IX 

4Y 

88 

85 

2959 

Slack 

8X 

0 

90 

90 

3062 

Satisfactory’ 

8X 

lY 

88 

90 

3066 

SHghdy slack 

8X 

4Y 

85 

87 

3056 

Sl^:k 



HARD RED 

SPRING FLOUR 


0 

0 

75 


2788 

Slightly bucky 

0 

lY 

77 

82 

2738 

Satisfactory * 

0 

4Y 

77 

82 

2869 

Satisfactory’ 

IX 

0 


85 

2747 

Satisfactory 

IX 

lY 

85 

87 

2975 

Satisfactory’ 

IX 

4Y 

92 


2994 

Slightly slack 

8X 



87 

2888 

Satisfactory 

8X 

lY 

92 


2953 

Slightly slack 

8X 

4Y 

92 

90 

2959 

Slightly slack 


^ IX—concentration of alpha amylase equU-alent to the alpha-amylase provided by 0.25% malted 
wheat flour supplementation. 

* lY—the edition to 100 grams of flour of tliat amount of Diaata8e-29 proteinase which would 
give a titration of one ml. In a proteolytic activity determination. 


bread was obtained when only 10% to 25% of the original proteinase 
was present. These results demonstrated the desirability of reducing 
the proteinase activity of Rhoz 3 ane-S. 

The data in Table V were further substantiated by studies in which 
the alpha-amylase and proteinase were added as separate adjuncts. 
Rhozyme-S having up to 98% of the proteinase activity removed was 
used in combination with small amounts of the proteinase derived from 
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the same preparation by appropriate differential inactivation tech¬ 
niques. Both external and internal cheiracteristics indicated that 4X 
and 8X concentration of the alpha-amylase provided optimum amylase 
supplementation for a hard red winter wheat flour. Some improve¬ 
ment in quality of the bread was observed for proteinase supplemen¬ 
tation equivalent to that provided by IX concentration of the original 
preparation. 

TABLE VII 

Effect of Enzyme Source on Bread Crumb Compressibility 


Enzyme source 

Concentration 

Compressibility of bread stored^ 

24 hours 

96 hours 

Control 

0 

g- 

98.8 

g‘ 

126.8 

Malted wheat flour 

X 

89.6 

113.1 

Malted wheat flour 

4X 

94.5 

98.3 

Rhozyme-S 

X 

92.7 

94.8 

Rhozyme-S 

4X 

79.4 

100.4 

Maltase-20 

X 

84.5 j 

1 88.7 

Maltase-20 

4X 

79.0 

85.8 


Analysis of Variance 


Source of \’ariation 

Degrees of freedom 

Mean square 

Enzyme concentration 

1 

1290** 

Days of storage 

1 

5100*** 

Enzyme source 

2 

1717*** 

Concentration Xstorage 

1 

142 

Concentration X source 

2 

279^ 

Storage X source 

2 

525* 

Cone. Xstorage X source 

2 

613** 

Within source 

132 

120 


1 Average of twelve separate readings. The grams of lead shot required to press a one-inch 
plunger 4 mm. into bread crumb one inch thick. 

* Significance exceeds 5% level. 

*♦ Significance exceeds 1% level. 

* Significance exceeds 0.1% level. 

x.oi "• 11.68—the difference between compressibility values for different enzyme sources required 
for sifi^cance at the 1% level. 

x.os * 8.84—the difference between compressibility x'alues for different enzyme sources required 
for significance at the 5% level. 


Further investigations concerning the separate effects of alpha- 
amylase and proteinase were performed using Diastase-29, proteinase, 
and Rhozyme-S from which the proteinase had been removed as the 
source of alpha-amylase. Baking experiments were performed using 
three commercially milled hard red winter and three commercially 
milled hard red spring wheat flours with various combinations of these 
enzymes. Typical results are shown in Table VI. Optimum bread 
for the hard red winter flour was obtained when no proteinase was 



















May, 1950 J. R CONN, J. A* JOHNSON, AND B, S. MILLER 


201 


added but the flour easily tolerated proteinase up to lY concentration. 
It was concluded that optimum quality bread was obtained when the 
hard red winter wheat flours under investigation received 0 to O.SY 
proteinase supplementation. 

Optimum quality bread was obtained with the hard red spring 
wheat flour when 1 to 4Y concentration of Diastase-29 was used. The 
results obtained for two additional flours also indicated that at least 
lY concentration of Diastase-29 was required for optimum proteinase 
supplementation. There appeared to be little difference between IX 
and 8X alpha-amylase supplementation. The results obtained indi¬ 
cate that the optimum level of proteinase supplementation for hard 
red spring wheat flours is substantially greater than the optimum level 
for hard red winter wheat flours. 


TABLE VIII 

Effect of Fungal Alpha-Amylase and Proteinase Supplementation 
ON Bread Crumb Compressibility 


Alpha-amylase 

concentration^ 

Proteinase 

concentration^ 

Compressibility of bread stored 

24 hours 

96 hours 





0 

0 

100.4 

152.0 

0 

lY 

95.1 

149.3 

0 

4Y 

85.8 

144.4 

IX 

0 1 

83.9 

131.6 

IX 

lY 

82.3 

125.3 

IX 

4Y 

74.6 

120.5 

8X 

0 

82.2 

126.6 

8X 1 

lY 

75.8 

120.4 

8X 

4Y 

71.0 

118.7 


1IX—concentration of alpha-amylase equivalent to the alpha-amylase provided by 0.25% malted 
wheat flour supplementation. 

3 lY—concentration, the addition to 100 grams of flour of that amount of Diastase-29 proteinase 
which would give a delta titration of 1 ml. in the proteolsduc activity determination. 

* The grams of Ic^ shot required to press a one-inch plunger 4 mm. into bread crumb, one inch 
thick. Average of twelve separate readings. 


A comparison of the effects of malted wheat flour, Rhozyme-S and 
Maltase-20 on the compressibility of bread is shown in Table VI1. 
The analysis of variance for this data also is included in Table VII. 
Enzyme source and concentration, as well as length of storage, affected 
the compressibility significantly. After 24 hours of storage, the bread 
baked with 4X concentration of Rhozyme-S, IX and 4X concentration 
of Maltase-20 was significantly more compressible than bread contain¬ 
ing no enzyme supplement. After 96 hours of storage, all enzyme 
treatments produced bread which was significantly more compressible 
than the control bread. At X concentration of alpha-amylase, bread 
baked with either Rhozyme-S or Maltase-20 was significantly more 














202 


ALPHA-AMYLASE PREPAPATIOXS IX LAKIXG 


Vol. 27 


compressible than the bread baked with a corresponding concentration 
of alpha-amylase from malted wheat flour. 

The separate effects of alpha-amylase and proteinase supplementa¬ 
tion on bread crumb compressibility are illustrated in Table VIII. 
Data were obtained after 24 and 96 hours of storage. The analysis of 
variance of these data is shown in Table IX. Both alpha-amylase and 
proteinase increased, while storage decreased the crumb compressi¬ 
bility. From calculations of least significant mean differences, it was 
determined that 4Y concentration of proteinase was required to 
produce a crumb compressibility^ significantly greater than that of the 
crumb of bread containing no added proteinase. The bread crumb of 
loaves baked with either IX or 8X concentration of alpha-amylase was 
significantly more compressible than the crumb of loaves containing 
no added alpha-amylase. No significant differences in compressibility% 


TABLE IX 

Analysis of \"ariance of the Separate Effect of Alpha-Amylase, 
Proteinase, and Storage on Bread Crumb Compressibility 


Source of \’ariation 

Degrees of 
freedom 

Mean square 

Proteinase 

2 

1,926** 

.\lpha-amylase 

2 

9,988** 

Storage 

1 

127,653**" 

Proteinase X alpha-amylase 

4 

26 

Proteinase X storage 

2 

57 

Alpha-amylase Xstora^ 

2 

517** 

Proteinase X alpha-amylase X st orage 

4 

35 

Individual values 

198 

119 

Total 

215 



^ Significant at the 1% level. 


however, were observed between IX and 8X alpha-amylase concen¬ 
tration. Combinations of alpha-amylase and proteinase produced 
bread crumb with greater compressibility. It would appear that the 
choice of alpha-amylase level might not be so critical as that of the 
proteinase level. 

Stability During Storage of Proteinase and Alpha-Amylase in 
Rhozyme-S Supplemented Flour, The effects of storage on the reten¬ 
tion of alpha-amylase and proteinase activity of flours stored under 
oxygen, nitrogen, and air atmosphere at three different temperatures 
are shown in Fig. 2. The analyses of variance of these data are 
presented in Table X. Significant differences in both alpha-amylase 
and proteinase as affected by temperature and length of storage were 
observed. The lower storage temperature was favorable to the 
retention of both alpha-amylase and proteinase. The effect of storage 
under various gases was similar. 
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Fig. 2. The effect of gaseous atmosphere, temperature and length of storage 
on the retention of alpha-amylase and proteinase activities in flour supplement^ 
with Rhozyme-S; a, 5®C; b, room temperature; and c, 35®C. 


Microflora of Enzyme Preparations. The number of baoterial 
spores per gram of preparation was determined for various enzyme 
concentrates suitable for supplementation. The counts for Rhozyme-S 


TABLE X 

Analyses of Variance of the Effect of Temperature and Gaseous 
Atmosphere upon the Retention of Alpha-Amylase 
and Proteinase Activity During Storage 
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TABLE XI 

Bacterial Spore Counts for Various Preparations 
Suitable as Supplements 


Preparation 

Bacterial spores per gram 

No. ot spores added to 
100 g. of flour when supple¬ 
mented to equivalent levels 

Malted wheat flour 

2,100 

500^ 

Rhozyme-S 

405,000 

8001 

Maltase-20 

1,000,000 

101 

Diastase-29 

2,500 

2,300* 


i Supx>lemented to IX alpha-amylase concentration 
> Supplemented to lY proteinase concentration. 


and Diastase-29 appear very high (Table XI). However, based on 
equivalent alpha-amylase levels of supplementation there was little 
difference between Rhozyme-S, Maltase-20, and malted wheat flour. 
Rope development was not observed in bread baked with any of these 
preparations and stored up to 8 days under conditions favorable for 
mold growth. Commercial enzyme preparations may be prepared 
having considerably lower spore counts if desired. 
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FACTORS AFFECTING THE COLOR OF MACARONI 
n. KINETIC STUDIES OF PIGMENT 
DESTRUCTION DURING MIXING ^ 

G. N. Irvine 2 and C. A. Winkler* 

ABSTRACT 

The destruction of the xanthophyll pigments during the mixing stage 
of macaroni processing has been followed kinetically under a variety of 
mixing conditions. The rate increases with increasing absorption to a 
maximum at about 33%; with increasing temperature; and with increasing 
oxygen concentration of the mixing atmosphere. The reaction is inhibited 
by thousandth molar cyanide and alpha naphthol and by alcohol concentra¬ 
tions above 10%. Reversal of the reaction occurs on prolonged mixing in 
40% alcohol. Evidence is provided to support the hypothesis that the 
destruction of pigment occurs through a coupled reaction involving the 
peroxidation of unsaturated fat by the enzyme lipoxidase. It is proposed 
that this enzyme system functions, in semolina, in conjunction with an 
activating enzyme which is inhibited by cyanide and accelerated by some 
heavy metal ions. A mechanism is proposed for the reaction which ac¬ 
counts for the phenomena observed. 

Most varieties of durum wheat grown in North America yield 
macaroni which is physically satisfactory, handles well, and has good 
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cooking quality. Hence the differentiation of good and poor varieties 
for macaroni-making purposes is made largely on the bcisis of the color 
of the macaroni made therefrom. This should be a bright yellow or 
yellow amber color. 

Macaroni with a high yellow pigment content can be obtained only 
from wheat that is high in this pigment, and plant breeders are con¬ 
stantly striving to produce such wheats. This factor in itself, however, 
does not necessarily ensure a good yellow macaroni. There are several 
older varieties, such as Golden Ball and Pelissier, which have a char¬ 
acteristically high yellow pigment content, but which produce macaroni 
that loses a great deal of pigment during processing. It has been 
found in this laboratory that the percentage of pigment destroyed 
during processing varies from about 20% for the best varieties to about 
60% for the poorest varieties. Destruction has been shown to occur 
principally during mixing, though a^small additional loss occurs during 
extrusion. This paper describes a kinetic study, dealing with the 
decrease in pigment with time under a variety of mixing conditions, 
that serves to elucidate the principal factors and mechanisms involved 
in destruction of the yellow pigments. 

Materials and Methods 

Samples of a number of pure varieties covering a wide range of 
macaroni-making quality were used in the investigation. Semolinas 
were milled to 50% yield on an Allis-Chalmers laboratory mill. 

The semolinas were processed by the disc method of Cunningham 
and Anderson (S) which involves preparing doughs from 50 g. samples 
in a micro mixer. This mixer, because of its small scale and special 
design, is much more severe than commercial mixers; it produces a 
cohesive and relatively uniform dough in about 1}4 minutes, as com¬ 
pared with 10 to 15 minutes for commercial models. Thus mixing 
times reported in this paper are not directly comparable with those 
obtained in commercial plants. 

Studies with the micro macaroni method (8) have shown that 31% 
absorption is preferable to the 30% used in the disc method, and the 
former level was therefore used in this study. Since results can be 
reproduced within 2 or 3%, the disc method is ideally suited to a 
kinetic study. In addition, it has been shown (1) that, with this 
method, pigment losses occur almost entirely during mixing. 

The dried discs were ground in a semi-micro Wiley Mill to pass a 
60-mesh sieve. Pigment was extracted with water-saturated butyl 
alcohol and determined in an Evelyn Colorimeter. All the pigment 
determinations were corrected to a 14% moisture basis. 
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Results and Discussion 

Preliminar>’ experiments were made with a number of good and 
poor varieties to gain some knowledge of the characteristics of the 
reaction. Mixing was carried out at 30®C. in an atmosphere of air 
for intervals up to 10 mins. Typical curves for an excellent and a 
very poor variety are shown in Fig. 1. Other varieties were found to 
yield a similar type of curve with rates falling somewhere betw-een 
these tw" 0 . Fig. 1 indicates that the reaction occurs in three distinct 



stages: (1) a rapid reaction during the first minute of mixing; (2) 
a slower zero order reaction during the period from 1 to about 6 
mins, of mixing; and (3) a still slower reaction, apparently zero 
order, beyond six minutes of mixing. The discussion in this paper 
deals only with the first two stages as it is unlikely that the third stage 
is reached during commercial processing of macaroni. 

For convenience, the first two stages of the reaction will be called 
the ‘‘initial reaction” and the “mixing reaction” respectively. A 
distinction seems logical because the condition of the dough changes 
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after about 1 min. of mixing. At first, the revolving pins merely 
tumble the lumps of wet semolina through the fixed pins of the mixing 
trough. After about 1 min., a cohesive dough forms rapidly and 
the mixer does work on the dough through the shearing action that 
occurs as the revolving pins force the cohesive dough bet\veen the 
fixed pins. 

Fig. 1 shows that the rates of both the initial reaction and the 
mixing reaction are much greater for the poor variety than for the 
good variety. 

Initial Reaction. It is postulated that the initial reaction occurs 
merely as a result of wetting the semolina. This hypothesis was 
substantiated by the following experiment. Semolina cooled to 
— 20®F. was mixed with finely-ground ice at — 20°F. in an amount 
equivalent to 31% absorption. The mixture was then placed in a 
water bath at 30®C. for 1 hr.; as the ice melted, the water diffused 
evenly through the semolina and formed a dough, made without mixing, 
which could be handled in the usual way. The pigment lost by this 
sample (0.65 p.p.m.) was essentially the same as that lost by a control 
sample (0.62 p.p.m.) during the first minute of mixing, that is, during 
the initial reaction that occurs while the dough is merely tumbled. 

It seemed possible that the initial reaction might be merely an 
artifact representing the difference between two experimental values; 
the first obtained by extracting the pigment from the dried semolina, 
and the second (and all subsequent values) obtained by extracting the 
processed discs. Any pigment destroyed during processing stages 
subsequent to mixing might thus appear as pigment destroyed by the 
initial reaction. In other words, when all experimental values other 
than the first are based on identical treatment of samples except for 
variations in mixing, any loss of pigment other than that occurring 
during mixing would probably be the same for all processed discs; as 
a result, the reaction curve would be lowered by a constant amount, 
and this might be interpreted to indicate an initial reaction which 
would then be an artifact rather than a reality. 

To investigate this possibility, a sample was mixed and immediately 
extracted in the wet with a Waring Blendor. The pigment lost by this 
sample (2.20 p.p.m.) was essentially the same as that lost (2.23 p.p.m.) 
when a corresponding sample was processed into discs and dried. It 
was thus shown that the initial reaction actually does take place in the 
interval from zero time to 1 min. of mixing. Further support for this 
hypothesis was obtained in experiments on inhibition described in a 
later subsection. 

Mixing Reaction. The forgoing experiment emphasizes a very 
interesting characteristic of the mixing reaction. Destruction of 
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pigment obviously occurs during mixing. When mixing is stopped, 
the destruction of pigment ceases even though the dough is handled 
wet through several subsequent stages and is finally dried over a period 
of 48 hrs. The explanation appears to depend on the emulsifying 
action of the mixer. The pigment, being fat soluble, is probably 
associated in the cell with the lipid fraction. After the addition of 
water and the formation of a cohesive dough, the lipid and aqueous 
phases are apparently emulsified by mixing thus enabling the reaction 
to proceed. It is also suggested that when the two phases are com¬ 
bined, the rate of the reaction is rapid by comparison with the rate at 
which the mixing reaction brings them together. 

It has been assumed that the destruction of pigment during mixing 
is the result of an oxidation reaction catalysed by lipoxidase. Much 



work has been published in recent years on the coupled oxidation of 
carotenoid pigments during the peroxidation of unsaturated fats by 
lipoxidase. This work has recently been reviewed by Bergstrdm and 
Holman (3). Moreover, lipoxidase activity has recently been re¬ 
ported in wheat flour by Miller and Kummerow (9). 

Oxygen Concentration, Several experiments were made to deter¬ 
mine the effect of oxygen concentration on the reaction. Samples were 
mixed at 30®C. in atmospheres of nitrogen, air, or oxygen. The results 
of one such experiment are shown in Fig. 2. The most interesting 
feature of this experiment is the course of the reaction under an 
atmosphere of nitrogen (curve labeled, 0% O 2 )* The ^‘initial reaction*' 
takes place, but no further reaction occurs. Thus the mixing action 
produces no destruction of pigment in the absence of an atmosphere 
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containing oxygen. From a comparison of the reaction in air and in 
oxygen it is possible that the rates of both the initial and the mixing 
reactions increase with increasing ox^'gen concentration. 

This experiment suggested that the initial reaction might be due 
to oxygen adsorbed on the semolina particles. Three samples were 
evacuated for three minutes and then nitrogen, air, and oxygen, 
respectively, were introduced. Each sample was then mixed under an 
atmosphere of nitrogen for three minutes to isolate the initial reaction. 
It was assumed that the evacuation would remove any adsorbed gases 
and that the nitrogen, air, or oxygen would subsequently be adsorbed 
on the semolina particles. No difference was found as a result of the 



possible adsorption of these different gases; the results were the same 
as that obtained with the original sample mixed for three minutes in 
nitrogen. Thus the initial reaction is apparently not due to adsorbed 
oxygen and must result from a more strongly held oxygen complex in 
the semolina—possibly within the unruptured cells of the , original 
semolina particles. 

Absorption, The effect of absorption was studied at five levels: 
27%, 29%, 31%, 33%, and 35%. The results of the experiment are 
shown in Fig. 3. In general, the rate of the initial reaction is slower 
at lower absorptions, and there appears to be an induction period 
before the mixing reaction commences. The^^latter effect at low 
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absorptions probably results from slower formation of the cohesive 
dough that has been postulated as a necessary" condition for the mixing 
reaction to proceed. There appears to be a limiting value for the 
absorption beyond which no increase in rate is apparent. This value 
was 33% for the particular sample used, but may vary from sample to 
sample as it is probably connected with the quantit>^ and quality" of 
the protein present. 

Temperature. The effect of temperature on the reaction in air and 
in oxygen is shown in Fig. 4. It is evident that the temperature effect 



is complex. The rate of the initial reaction increases with temperature 
in both air and oxygen and the rate of the mixing reaction increases as 
well. Because of the interaction of many factors, an interpretation 
of these results is difficult. Increasing temperature will hasten the 
formation of a cohesive dough. It will also affect the state of the 
dough and the rate of emulsification of the enzyme and lipid phases. 
In addition, it will displace any chemical equilibria involved in the 
reaction. It is interesting to note that the rate of the mixing reaction 
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is constant during some period at each temperature in air, while this 
is not true of any of the doughs mixed in oxygen. It is possible that 
when mixing is done in air, the partial pressure of oxygen is a limiting 
factor. 

Mixing in Nitrogen and Oxygen. In the course of some auxiliary 
experiments on the effect of oxygen at higher temperatures, an inter¬ 
esting effect was observed which seemed to have a direct bearing on 
the mechanics of the mixing reaction. It was found that if mixing 
were carried on for some time under an atmosphere of nitrogen, and 
then this atmosphere was replaced by oxygen and mixing recommenced, 
a rather unexpected phenomenon occurred. Some of the experiments 
undertaken during this phase of the investigation are described below. 

A sample was mixed at 30®C. under an atmosphere of nitrogen for 
4 mins. Mixing was stopped and the atmosphere was replaced with 
oxygen. Mixing was then continued for 2 mins. The total mixing 
time was thus 6 mins. The loss of pigment in this sample was com¬ 
pared with the loss that occurred in a control sample mixed for 6 mins, 
in oxygen. The order of mixing was then reversed and a sample was 
mixed for 13^ mins, in oxygen followed by 3)4 mins, in nitrogen. The 
loss in this sample was compared with that in a control sample mixed 
for mins, in oxygen only. The results were: 

Mixing treatment Pigment loss 

1. 6 min. in Os at 30^0. 2.52 p.p.m. 

4 min. in Ns + 2 min. in Os 2.77 p.p.m. 

2. 1min. in Os at 30°C. 1.20 p.p.m. 

lyi min. in Os -f 3J^ min. in Ns 1.18 p.p.m. 

This experiment provides striking verification of the emulsification 
hypothesis suggested in earlier discussions of the mixing reaction. It 
was proposed that the mixing action brought together the lipid and 
aqueous phases so that reaction could occur. It has been shown 
earlier that the mixing reaction does not take place when mixing is 
carried out under nitrogen. Yet a sample mixed for 4 mins, in nitro¬ 
gen, then 2 mins, in oxygen, loses a similar amount of pigment to that 
of a sample mixed for the whole 6 mins, in oxygen. Hence it may 
be concluded that the two phases are brought in contact during mix¬ 
ing, but that no reaction can occur beyond the initial reaction until 
oxygen is introduced; once oxygen is introduced and mixing recom¬ 
menced, the potential reaction which has been built up in the system 
by the mixing action can occur rapidly. 

The second part of this experiment shows that the means by which 
oxygen comes into contact with the system is crucial to the progress 
of the reaction. If the dough is mixed for a short time in oxygen after 
a longer mixing period in nitrogen, the amount of pigment destroyed 
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depends on the oxygen concentration and on the total mixing time; but, 
if mixing is first done in oxygen, and nitrogen is then introduced, the 
reaction is immediately stopped. The partial pressure of the residual 
oxygen in the dough under an atmosphere of nitrogen will be small, and 
it thus appears that a certain minimum partial pressure of oxj’gen is 
necessary to bring about the pigment oxidation. This is one of the 
essential steps of the reaction. 

Information on the rate of reaction in an atmosphere of oxygen 
after a preliminary treatment of 4 mins, mixing in nitrogen was sought 
by using a shorter mixing time in oxygen than that of the previous 
experiment. A control was run 4 mins, only in nitrogen. The following 
pigment losses were obtained: 


M'Lxing treatment 

1. Control, 4 min. Na 

2. 4 min. Na + 1 min. Oz 

3. 4 min. Na -f 2 min. Oa 


Pigment loss 
0.80 p.p.m. 
2.56 p.p.m 
2.77 p.p.m. 


These results indicate that the maximum rate of the mixing reaction 
under these conditions is at least 2.56 p.p.m. per minute. 

The pronounced effect of oxygen concentration on this “delayed*' 
mixing reaction was illustrated with a sample treated in a similar 
manner to the above except that air was used instead of oxygen: 


Mixing treatment Pigment loss 

1. 4 min. in Na 0.80 p.p.m. 

2. 4 min. in Na + 1 min. in air 1.21 p.p.m. 

3. 4 min. in Na 4 * 1 min. in Oz 2.56 p.p.m. 


The net loss due to the delayed mixing is then: in air, 1.21 — 0.80 = 
0.41 p.p.m.; in O 2 ,2.56 — 0.80 = 1.76 p.p.m. Thus the rate in oxygen 
is approximately 4J^ times the rate in air; that is, the rate is roughly 
proportional to the oxygen concentration. 

Inhibiting Agents. The effects of the following enzyme inhibiting 
agents were examined: cyanide ion, mercurous ion, sodium chloride, 
sodium fluoride, copper sulfate, lead acetate, alpha naphthol, and 
ethyl alcohol. The concentrations used were either hundredth or 
thousandth normal except for ethyl alcohol, which was employed in 
30% concentration. Of these reagents, cyanide, mercurous ion, copper 
sulfate, alpha naphthol, and 30% alcohol had a significant effect on the 
reaction. Mercurous ion produced a marked accelerating effect 
(negative inhibition) on both stages of the reaction. Copper sulfate 
accelerated the initial reaction only. Cyanide inhibited both the 
initial and the mixing reaction, and a ten-fold increase In the cyanide 
concentration had little further effect on the amount of inhibition. 
Alpha naphthol inhibited the initial reaction very markedly, but had 
less effect on the mixing reaction; while 30% alcohol accelerated the 
initial reaction and almost completely inhibited the mixmg reaction. 
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The alcohol inhibition was examined over a range of alcohol 
concentrations, from 5% to 40%, at two representative mixing times. 
The results are shown in Fig. S. The acceleration of the initial reaction 
is constant for all concentrations from 5% to 35%, and at 40% marked 
inhibition of the initial reaction is evident. Increasing concentrations 
from 10% to 35% inhibit the rate of the mixing reaction, the rate 
being zero at 35% alcohol. At 40% alcohol there is a marked reversal 
of the reaction during mixing, which requires further investigation. 

The alpha naphthol inhibition appears to be an antioxidant effect 
rather than true inhibition; for the initial reaction and a portion of the 
mixing reaction are completely inhibited, and the oxidation of pigment 
then proceeds again during a later phase of the mixing reaction. The 
alpha naphthol probably competes successfully with the pigment as 



substrate for the enz 3 ’me until it has been used up, after which the 
pigment oxidation again proceeds. 

Addition of Lipoxidase. Probably the most convincing evidence 
that the enzyme lipoxidase is involved in the destruction of pigment 
during mixing is furnished by the behavior of the system on the 
inclusion of lipoxidase in the dough. The use of crude lipoxidase con¬ 
centrates from soya bean meal for bleaching flour during the mixing 
of bread doughs has been common for over fifteen years. A sample of 
this concentrate bearing the trade name *‘Wytase” was obtained, and 
the amount recommended for bleaching bread flour doughs was added 
to several t^'pes of semolina before mixing. Two good varieties and 
one poor one were processed vrith this addition of enzyme. Added to 
the poor variety, the reaction rate was considerably increased but the 
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shape of the curve was the same as originally observed. The most 
striking effect was obtained with a sample of Mindum. The addition 
of “Wytase” produced a curve of the same type sis that obtained 
normally with Golden Ball, a very poor variety. The control and 
“Wytase” curves are shown in Fig. 6 along with representative curves 
obtained for Mindum and Golden Ball. The data for the latter two 
samples are plotted, for ease of comparison, beginning at the same 
initial concentration; these values were actually 6.54 p.p.m. for 
Mindum, and 5.56 p.p.m. for Golden Ball. Thus it is possible, by the 
addition of a crude lipoxidase concentrate, to obtain the characteristics 



Fi«. 6. Effect oi added lipoadase (“Wytase") on the loss of pigment 
for a good vanetyt 

of a poor variety from a good variety and to make a poor variety con¬ 
siderably worse. 

General Discussion 

Destruction of the carotenoid pigments during mixing involves an 
oxidation reaction. This is evident from the pronounced effect of 
oxygen concentration on the mixing reaction, and from the complete 
inhibition of the initial reaction and part of the mixing reaction by 
alpha naphthol, an antioxidant. It seems extremely probable that the 
products of the oxidation are no longer carotenoid-like, as it has been 
shown (7) that macaroni contains the same pigments as semolina, but 
in smaller amounts. Thus the oxidation products appear to contribute 
nothing to the yellow color of the macaroni. 
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It is thought that the oxidation involves an enzymatic reaction. 
Oxidation of carotenoid pigments by atmospheric oxygen is normally 
a slow process (4). The action of peroxides such as exist in ether 
solutions of pigments is likewise slow, occurring over a period of weeks. 
In the reaction under investigation, the oxidation occurs rapidly in a 
few minutes, and the presence of an enzyme thus seems highly prob¬ 
able. The ability of soybean lipoxidase to oxidize carotenoid pigments 
during its peroxidation of unsaturated fats is well established, and the 
presence of this enzyme in wheat germ has been demonstrated by 
Sumner (11) and in commercial flour by Miller and Kummerow (9). 
Calculation shows that the amount of lipoxidase in flour is more than 
sufficient to account for the rate of pigment destruction observed dur¬ 
ing mixing. 

There are several other features of the reaction which point to an 
enzymatic origin. The effects of 30% alcohol in partialh’ inhibiting 
the mixing reaction, and of 40% in totally inhibiting it, are suggestive; 
alcohol in these concentrations is known to denature protein, and 
would thus act as an enzyme inactivating agent. The effects of low 
concentrations of heavy metal ions and cyanide ion, the general shape 
of the reaction curve, and the low temperature coefficient of the re¬ 
action, are also characteristic of enzyme catalysed reactions. Finally, 
the effect of added lipoxidase on the reaction curve is perhaps the most 
convincing evidence for the enz>TOatic nature of the reaction. Samples 
which show little “enzymatic activity’* behave in a manner exactly 
analogous to samples with high “enzymatic activity” when a small 
amount of “Wytase” is added to the semolina prior to mixing. 

It has been established (6) that pure lipoxidase is not inhibited by 
cyanide ion. But early investigators (cf. 3), working with crude 
extracts, found inhibition by .001 N cyanide of the same order as was 
observed in these experiments. Thus it appears probable that in vivo 
the enzyme functions in conjunction with an activating system that is 
sensitive to cyanide. This suggestion is further justified by the fact 
that a ten-fold increase in cyanide concentration had very little addi¬ 
tional inhibiting effect. It is suggested, on the basis of evidence noted 
earlier, that the activating system is accelerated by mercurous ion and 
possibly by the cupric ion as well. 

It is generally accepted that alpha naphthol does not act as a true 
inhibitor of the lipoxidase system, but rather as an antioxidant. This 
appears to be its function in the system under investigation. 

If we accept the hypothesis that pigment destruction is brought 
about by a coupled reaction involving peroxidation of unsaturated fat 
by lipoxidase, it appears that there are two alternate paths for the 
reaction to follow: either the lipoxidase combines first with oxygen or 
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first with the unsaturated fat. The two reactions may be written as 
follows: 

1. Lipoxidase + O 2 ^ L—O 2 

+ 

Unsaturated fat ±=; L—O 2 —UF intermediate peroxide + L 

+ 

pigment 

oxidized pigment + fat 

2. Lipoxidase + unsaturated fat ± 1 ; L—UF 

+ 

O 2 ^ L—UF—O 2 ^ intermediate peroxide + L 

+ 

etc. 

The initial reaction appears to follow mechanism No. 1. It proceeds 
when mixing is carried out under nitrogen and also when the semolina 
is wetted but not mixed. Accordingly, it is postulated that the first 
step of mechanism No. 1, combination of lipoxidase and oxygen, has 
already occurred in the unwetted semolina in which the original cell 
structure of the wheat is still largely intact. It is also postulated 
that, at this stage, oxygen can diffuse into the cell but that lipoxidase 
and unsaturated fat are kept apart in immiscible phases; accordingly, 
the first step of mechanism No, 1 can take place but not the first step of 
mechanism No. 2. When water is added to the semolina it is rapidly 
imbibed and, according to the data of Baker, Parker, and Mize (2), the 
cells must rupture almost instantaneously. The subsequent steps of 
mechanism No. 1 can then occur. But the reaction soon ceases if either 
oxygen or mixing is withheld because the lipoxidase is not reactivated; 
for reactivation requires recombination of lipoxidase with substrate 
and oxygen which is thought to occur only as mixing exposes new 
surfaces of the dough to oxygen. Thus the initial reaction appears to 
be mainly a stoichemical one that is limited to the amount of lipoxidase- 
oxygen complex formed in the semolina before water is added. 

As an alternative hypothesis, it may be postulated that the initial 
reaction involves prior formation of peroxides in the semolina, and 
that these react with the pigment when water is added. This ex¬ 
planation is not considered tenable; for it has been shown (10) that 
peroxides cannot oxidize the pigment directly, but that this is accom¬ 
plished by some transient intermediate formed during peroxidation of 
fats by lipoxidase. 

There is evidence that the mixing reaction can follow mechanism No. 
2 rather than mechanism No. 1. When dough is mixed under nitrt^en 
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and then under oxygen, pigment destruction is the same as if all the 
mixing had been done in oxygen. Thus, during the mixing reaction, 
mechanism No. 2 must be operative; for it is evident that, while no oxy¬ 
gen is being supplied, a complex is building up in the system during mix¬ 
ing which needs only oxygen for rapid completion of the reaction. 
This rapid step occurs when ox\’gen is supplied and given ready access 
to the dough by continued mixing. Since this reaction is so rapid it 
seems likely that mechanism No. 2 is the preferred reaction; if conditions 
are suitable, it will occur rather than No. 1. But if, as in semolina 
during storage, the first step of mechanism No. 2 is blocked, while the 
first step of No. 1 is not, then the initial reaction will still take place 
by mechanism No. 1. 

The integrated hypotheses outlined in the preceding paragraphs 
account for the principal observations made during the course of the 
investigation. Since the fundamental postulate, that the reaction is 
catalysed by lipoxidase, was developed as a result of early experiments, 
it was partially verified by the final experiment: the effects of adding 
lipoxidase (“Wytase**) were predicted and subsequently confirmed. 
Additional verification of this and other parts of the hypotheses must 
await the results of further study. Alternately, it is possible that 
alternate and simpler hypotheses, adequate to account for all the facts, 
may be developed. 
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SOME CHARACTERISTICS OF THE STARCHES OF THREE 

SOUTH AMERICAN SEEDS USED FOR FOOD^ 

M, J. Wolf, M. M. MacMasters, and C. E. Rist- 

ABSXRACT 

Starch was prepared b> laboratory procesbing irom seeds ot Amaranthiis 
leucosperma^ Chenopodium guinoa^ and C. paludicaule which are closely re¬ 
lated to tumbleweed (A, graecizans L.) and pigweed (C. album L.). These 
seeds were found to contain 62.8, 61.5, and 51.1^0 starch (d.b.), respectively. 

The starch in each case occurred as very small granules, approximately 1 to 
3/1 in diameter. The starch from A . leucosperma colored reddish-brown with 
iodine-potassium iodide solution and sorbed only 2.5 mg. iodine per g., thus 
resembling the starches of waxy varieties of cereal grains. The starches 
from C. quinoa and C. paludicaule colored blue with iodine-potassium iodide 
solution and sorbed 45 and 50 mg. of iodine per g., respectively. The three 
starches gelatinized within the range 48®~72®C. Starch of A. leucosperma 
formed a “long” paste, C. quinoa starch a paste of the same “length” as that 
of com starch, while C, paludicaule starch formed a thin, wateiy^ suspension. 
None of the pastes gelled on standing. 

As part of a general study of the character of natural starches, the 
starches obtained from a number of native and foreign plant species 
have been examined. In the course of this work, seeds of Amaranthiis 
leucosperma^ Chenopodium quinoa, and C. paludicaule were processed 
for starch. 

The characteristics of these starches may be of interest to cereal 
chemists since the seeds from which they were prepared are used in 
some areas of South America similarly to corn, wheat, and other cereals 
grown in the United States. 

Seeds of Amaranfhus leucosperma are popped, similarly to popcorn, 
for food use. This plant is related to the tumbleweed, Amaranthus 
graecizans L,, which is native to the United States. Chenopodium 
quinoa seeds are used for making porridge and ground to flour for 
preparing bread and cakes. The seeds of Chenopodium paludicaule 
are ground into meal which is used for making porridge and also in 
mixture with wheat flour for baking. The latter two plants are related 
to the common Lamb’s Quarters, Chenopodium Mum L. In the 
United States, seeds of some species of both Amaranlhus and Cheno¬ 
podium, including C. alhuni, are collected by the Indians and made into 
meal for use in cakes or gruel (4, pp. 129, 140). 

» Received for publication November 17, 1949. , , „ 

* Nmthem R^onal Research Laboratory, P^xria, niinois. One of the laboratories oi vie Bureau 
of Agricultural and Industrial Cbemis^, Agricultural Research Admixdetration, U. S Department of 
Agriculture. 
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It is well known that starches from different tissues, even of the 
same plant, may have different characteristics. Our common com¬ 
mercial starches come from the endosperm of cereal seeds, and from 
modified roots and stems of several other plants. The three starches 
reported here may be of particular interest because they are stored in 
the perisperm of the seed. Little is known about starch from this 
type of tissue. 

Results and Discussion 

Like our common cereal grains, these South American seeds 
contain starch as a major constituent. The amount of starch present 
is of the same order as that in wheat, but is appreciably less than in 
com (Table I). Unlike the cereal grains, however, in which the starch 
is stored in the cells of the endosperm, the storage tissue in these seeds 
is the perisperm. In mature cereal grains the perisperm as a distinct 
tissue is completely lacking or is present only in negligible amounts 
and is of no importance as a starch storage tissue. 

TABLE I 

Starch and Protein Contents of Seeds and Some Properties 
OF the Starches 


Seed 

starch! 

Botanical name j 

i 

! Starch 
content^ 

Protem 

content 

VX6.25 

Nitrogen 

content* 

Granule 

diameter* 

Color 

withIj-KI 

solution 

I-sorpti\’e 

capacitj^ 

Amaranthus leucosperma 

% (d.6.)* 

% 

% id.b.y 

M 

Reddish- 

mg./g. 

62.8 

16.1 1 

0.13 

1-3.5 

brown 

2.5 

Chenopodium quinoa 

61.5 

15.3 i 

.17 

1.5-3 ! 

Blue 

45 

Chenopodium paludicaule 

51.1 

16.9 

.12 

1-3 

Blue 

50 

Com 

70.9 

9.9 


1-23 i 

Blue 

54 

WTieat 

64.4 

14.7« 


2-40 

Blue 

50 


2 Starch vias separated from the seeds by the seccsd method described by MacMastera and Hilbert 
(3); this is a laboratory wet-milling procedure using only distilled w^ter. 

» Determined polarimetrically in a calcium chloride extract of the dry, ground seed f21. 

* Method of (1) with Winkler's modification «S). 

* Determined microscopically with the aid of a filar-micrometer eyepiece. 

» Method described in (7). The values given are calculated on a protein-free basis. 

* Moisture content was determined by drying the ground seeds for 1 H hours at 130 C. in a forced- 
draft oven. 

^ Moisture determined as in (7 . 

XS.7. 


The protein content of the seeds is similar to that of wheat but is 
considerably higher than that of com (Table I). The high residual 
nitrogen content of the Amaranthus and the two Chenopodium starches 
indicates difficulty in separating protein from the small starch granules 
by the method used. 

With respect both to color reaction with iodine-potassium iodide 
and iodine-sorptive capacity, the two Cheftopodium starches are like the 
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TABLE II 

Comparison of Some Physical Characteristics of Amaranthus and 
Chenopodium Starches with Those of Corn and Wheat Starches 


Source of starch 

Gelatinization 1 

range,i ®C. 

Relative paste length^-' 

Gel formation* 

A nmranthiis 


Considerably longer than 

1 

leucosperma 

55-72 

com starch 

None 

Chenopodium quinoa 

48-62 

Short; about same length 
as com starch 

' None 

Chenopodmm 

pcdudicaule 

56-71 

Shorter than corn starch: 
watery 

None 

Corn 

52-72® 

Short 

Firm 

Wheat 

51-64« 

Short 

' Soft 

! 


1 Temperatures at 'which gelatinization starts and at which it is complete, respectively. Deter- 
mined by slowly heating the starch suspension in a water bath and withdrawing samples for microscopic 
obsenTmtion at intervals. Because the small size of Amatanthus and Chenopodium starch granules 
precluded the use of conventional methods, gelatinization range was determine by noting ct^ges in 
size, form, and transparency of the granules. These data for com and wheat starches u'ere determined 
by loss of birefringence and by staining with benzopurpurin. 

* All starches were defatted. 

> Estimated by heating S% starch suspension over a boiling water bath until thickened, cooling to 
about 30X., drawing up the paste with a glass rod. and noting the length of the strand formed. 

* Noted after storing the pastes at about 8°C. for 24 hours. 

^ Average values for many commercial samples. 

* Average values for many laboratory-processed samples. 


common starches of commerce, while the Amaranthus starch is similar 
to the starches of the wax>" varieties of cereal grains (Table I). 

The starches gelatinized over approximately the same range as 
ordinary corn and wheat starches (Table II). Quinoa starch gelatin¬ 
ized over a somewhat lower temperature range than the other two 
starches. The waxy character of the Amaranthus starch is em¬ 
phasized by the long paste which it forms in comparison to non-waxy 
corn starch. The failure of the waxy Amaranthus starch to gel may 
be anticipated; however, the two non-waxy Chenopodium starches also 
yielded no gel on standing. Small granule starches from other plants, 
such as dasheen and rice, have been observed also to form either weak 
gels or none at all. 

More than a dozen plants are mentioned in Meyer’s (S) summary of 
the sources of starches which are colored red in the presence of iodine 
solution. Waxy corn, waxy Coix, and waxy barley starches have been 
added to the list since that time. As far as we know, however, 
Amaranthus leucosperma is the first plant of commercial importance, 
other than the cereal grains, which has been found to contain this 
type of starch. 
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KERNEL HARDNESS IN CORN. L A MACHINE FOR THE 
RAPID DETERMINATION OF KERNEL HARDNESS^ 

Edmond H. Bennett® 

ABSTRACT 

An electrically operated machine has been devised for the rapid de¬ 
termination of hardness of grain. A mechanical feeder delivers grain at a 
uniform rate between an inner driven wheel rotated at 33 r.p.m., and an 
outer wheel which rotates only when grain is being crushed, since it is 
propelled by the pinning action of the crushing grain. 

Indexes to hardness are obtained by a hydraulic piston-regulated, 
recorder-unit w'hich is driven by the outer crusher wheel when it rotates. 

The hydraulic pressure is generated in an hydraulic cylinder, the plunger of 
which is actuated by the torque transmitted to the crusher frame by the 
cmsher wheels. Either the number on the recorder or the hydraulic pres¬ 
sure, as registered on a pressure gauge, may be used as an index of hardness. 

The coefficient of variability’ ranged between one and three per cent for 
tests on samples of corn. 

For some >*ears livestock feeders and many agricultural inves¬ 
tigators have been interested in the determination of com hardness to 
ascertain the relationship between hardness and feeding value. More¬ 
over, the rapid determination of seed hardness should be of value, 
particularly to agronomists and millers, since hardness is related to 
certain physical and chemical properties. 

Various methods have been used to arrive at indexes of corn hard¬ 
ness. Robison (4) compared the per cent of starchy kernels in hybrids 
and open-pollinated varieties of corn. The kernels were examined 
over a glass-topped box containing an electric light. If the opaque 

1 Manuscript received August 12, 1949. From the Department of Agronomy, University of 
imnois, Urtana. TiHwngg , 

* InstruGtor in Biology, Diviaon of General Studies, University of Illinois, Urbana, Illinois. 
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area extended the full length of the kernel it was termed starch>. 
Culbertson, Shearer, Hammond, and Robinson (2) measured the hard¬ 
ness of kernels on edge between the jaws of a machine applying pres¬ 
sure until the kernel w'as crushed Veach f5) built an hydraulic seed 
hardness tester and used it on various kinds of seeds, including clover, 
Lespedeza, sweet clover, and corn. Bennett (1) used the Veach 
machine to study the influence of such variables as shape, size, mois¬ 
ture content, and storage time on the crushing strength of com. All of 
the tests mentioned above were made on a number of individual 



Tig 1 Lett rear \iew ot crubher DeUiL of mounting on steel and wood platform axe bhown 
The on the platform make posbible the remo\al ot the crubher from its btand to a table or bench it 
deeired The btand has rollers which make it easily portable The flexible cnzsh^ cum spout shown 
at lower right carries the com awa\ The rear end of the trame is raised a \anable distance m crush 
ing. while the tront lowers and forces a piston downward 

kernels. Bennett (1) also determined corn hardness b> a method 
developed by Cutler and Brinson (3) for testing wheat This method 
is based on the fact that a ground sample of hard seeds j lelds a higher 
per cent ot large sized particles than softer seeds. 

The early attempts to determine com hardness by crushing a 
number of kernels individually and using the average crushing pressure 
proved slow and arduous The extreme variability of hardness made 
it necessary to test large numbers of kernels to obtain means with low 
errors. Three machines were built successively in the attempt to 
perfect a simple, dependable method of obtaining quick, accurate, and 
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valid tests by utilizing aggregate samples. This paper describes the 
construction and operation of the third machine, the one currently in 
use. 

Materials and Methods 

Fig, 1 is a photograph of the machine, left rear view, and Fig. 2, a 
photograph of a plan view. The principle of operation is illustrated 
by the schematic drawing, Figs. 3 and 5. All the metal parts of the 
machine are polished and cadmium plated to prevent corrosion. 

Automatic Feeder, A sample of seed is placed in the hopper which 
is constructed of 16 guage stainless steel and has a capacity of ap- 



Fig 2 Plan vkv, of crusher Through the open hopper maj be seen the detailb of the mechanical 
feed Position of recorder on the outer crusher uheel is also bhov,n Three kernels are shov^n m one 
of the roller groces 

proximately 300 gms. of corn. The automatic feeder then delivers the 
seeds in a uniform stream to the crusher wheels. Because the seeds 
must be delivered to the crusher at a uniform rate, the automatic 
feeder is a veiy^ important part ot the machine. Fig. 2 shows the 
diagonally grooved roller located at the bottom of the hopper. This 
roller feeds the seeds to the crusher. It is driven from the drive shaft 
of the crusher wheel by means of sheaves and a coiled spring belt. 
Four roller speeds are possible by the use of two steps on each sheave. 
Rate of feed may be further regulated or shut off entirely by means of a 
steel plate which slides into the bottom of the hopper. 
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Crushing Mechanism. The seeds are crushed between the outer 
surface of the inner wheel and the inner surface of the outer wheel. 
The position of the wheels (Fig. 4) is made possible by supporting each 
wheel independently in a rigid steel frame. The inner wheel (S in. d. 
X A in- w ) is driven b>, and is integral with a shaft (Fig. 4, No. 2). 
This shaft turns in a bronze bearing and is attached by a rigid coupling 



Fig 3 Schematic drawing of crusher, showing principle of operation 

to the drive shaft of the speed-reduction gear. The outer crusher 
wheel (7 in. d. X A’ in. w.) is supported by an eccentric shaft (Fig. 4, 
No. 4) on the crusher frame, opposite the drive shaft of the inner wheel. 
The shaft surface is eccentric in relation to its support in the crusher 
frame so that the distance between the crushing surfaces can be 
regulated from 0 to in. by turning the shaft in the frame. The 
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desired clearance is maintained hy tightening the shaft retaining nut. 
The outer wheel turns freely on the outer bronze bearing surface of the 
shaft. The crusher frame has holes drilled to the bronze bearings, 
fitted with Alemite grease fittings for lubrication. The frame (Fig. 4, 
No. 5) is free to rock about its two concentric supports (Fig. 4, No. 6). 
These bearing supports are contained in pedestals welded to the base 
plate of the apparatus. 



Fig. 4. CrobS bectioa, top vieMi 1 Inner crubher i^heel integral with driNing sliait Xo 2. 2 

Shaft which supports and dnves inner crusher wheel It is connectea by a ngid cou^ing to the reduc¬ 
tion fear. 3. Outer crusher wheel. 4 Stationan'. offset shatt which supports outer crusher wheel 
Turning this shaft adjusts crushing clearance 5. Steel frame which supports crusher wheels, and 
rocks in frame supports Xo 6. 6. Supports for frame. 

Principle of Force Transmission. The resistance of the seeds to 
crushing produces separating forces acting upon the two crusher 
wheels. These forces will occur in the '‘crushing zone’* (Fig. 5) and 
their resultant will be the equal and opposite forces “A** acting on the 
two wheels. 

These forces are transmitted through the two crushing wheels to 
their respective bearings in the frame. The forces acting on the frame 
are labeled “B** in Fig. S, and constitute a couple or torque equal to the 
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product BL which tends to rotate the frame (Fig. 4, No. 5) in its 
supports (Fig. 4, No. 6). is the distance between the two lines of 
force (Fig. 5). 

The frame is restricted from rotating by means of hydraulic pres¬ 
sure on an hydraulic piston (Fig. 5). The hydraulic pressure (which is 
proportional to the frame torque and an index to seed hardness) is 
transmitted to a pressure gauge, and also to a mechanical integrating 
device which actuates a counter. The counter reading is proportional 
to the average hydraulic pressure, and therefore an index of the 
average hardness of the sample tested. 



Recording of Forces. The recorder is composed of the integrating 
device and the counter mentioned above. The integrating device is 
actuated by hydraulic pressure, and the counter is turned by a rubber 
wheel which rolls on the side of the outer crusher wheel when seeds are 
being crushed. A rod (R) connects the crusher frame to an hydraulic 
piston. This piston produces an hydraulic pressure proportional to the 
torque developed, and is registered on a pressure gauge in units of 0.15 
lbs. per sq. in. The pressure fluctuates during the testing of a sample. 
This is especially true with com. The effect of these fluctuations on 
the indicator hand of the gauge is dampened by the metering effect of a 
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constriction produced by a small hole drilled through a block installed 
in the line of the gauge. Copper tubing transmits the hydraulic pres¬ 
sure also to a second cylinder where the force on a piston regulates the 
position of the recording device (modified r.p.m. counter) working on 
the outer side surface of the outer crusher wheel (Figs. 1, 2, and 5). 
The greater force required to crush hard seeds causes the recorder to 
operate near the periphery" of the outer crusher wheel. The recorder 
wheel, therefore, revolves rapidly; and a relatively large number is 
registered on the recorder for a definite weight of seeds. Soft seeds, 
on the other hand, need less force and the recorder operates nearer the 
center of the crusher wheel. The recorder wheel, then, revolves more 
slowly and a smaller number is registered on the recorder. When the 
recorder number is used as an index to hardness it is necessary that 
the samples be weighed accurately. The indexes are objective and 
eliminate the human element to a large extent. 

The other index of hardness, the hydraulic pressure as registered on 
the gauge, is a more sensitive measure than is the recorder number. 
Besides, this method eliminates the necessity of weighing the samples. 
However, since the pressure fluctuates during the testing of a sample, 
the accuracy of the estimate of hardness is dependent, to some extent, 
on the skill and judgment of the operator. 

Results 

With the machine described above, approximately 3,000 hardness 
tests, mainly of 200 g. samples of com have been made. The com was 
grown at several stations and included systematic single crosses of 
midseason inbreds, inbreds, double cross hybrids, and special types of 
open-pollinated com. The machine was also used for testing soy¬ 
beans and wheat. It has a distinct time-saving advantage over 
methods where kernels are tested individually. WTien the recorder 
number was used as a hardness index, approximately forty to fifty 
samples per hour were weighed and tested by an experienced operator. 
When the hydraulic pressure was used directly as a hardness index, 
testing was more than twice as fast. 

ValidUy, The results agreed with the physical appearance be¬ 
lieved to be associated with hardness in corn. Illinois “high protein*' 
com has small kernels which appear very dense and have little or no 
floury endospenn. When tested it proved considerably harder than 
Illinois “low protein’* which has larger kernels with the endosperms 
almost entirely floury (Table 1). Inbred 38-11 which was considered 
to contribute hardness to hybrids, proved much harder than in- 
bred Indiana 66, which was considered to contribute softness to 
hybrids. A hard and a soft hybrid com was tested for hardness on 
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both the above described machine and the Veach (5) machine, men¬ 
tioned earlier, to compare their results with the physical appearance of 
the corn. The two hybrids were bred especially for testing purposes. 
One (38-11 X 5677) (307 X Kys), was grown from inbreds selected for 
their ability to contribute hardness to the hybrids in which they were 
used. The inbreds which made up (WT9 X CCl) (Ind. 66 X Hy) 
were believed to contribute relative softness to hybrids. The physical 
appearance of the two hybrids is illustrated by Fig. 6. When they 
were tested for hardness with the machine described in this paper, the 
softer appearing hybrid had an index of 56, on the recorder, and the 
harder hybrid had an index of 72. However, when individual kernels 
of these same hybrids were tested on the Veach machine, the softer 


TABLE I 

Hardness Tests on Samples of Grain from Corn Grown at Illinois 
Agricultural Experiment Station, 1944, Each Test 200 Grams 


Com 

Mean 

Recorder 

Score 

Pressure 

Readings 

f38-ll X 5677) (307 X Kys) 

721 

± 0.73* 

923 

(WT9 X CCl) (Ind. 66 X Hy) 

56 

±0.41 

58 

III. *‘high protein’* 

Ill. *’low protein” 

60 

±0.55 

65 

52 

± 0.34» 

48 

Inbred 38-11 

62 

±0.70 

70 

Inbred Ind. 66 

51 

±0.80 

44 

hh (defective endo.) 

52^ 


40 

fl2 

48* 


35 


* The recorder score represents, in effect, the product of an average crushing pressure and duration 
of test. 

* Standard error of mean recorder score of three to seven tests, the number depending on the 
amount of com available for testing. 

s While testing, the operator estimates the average pressure from the gauge, expressed in units of 
0.15 p.s.i. 

* Sufficient com for only two tests was available from these samples. 

appearing hybrid (WF9 X CCl) (Ind. 66 X Hy) tested considerably 
harder than the other. An examination showed that a smaller surface 
area of the rounded kernels of the harder hybrid (38-11 X 5677) 
(307 X Kys) touched the flat, parallel jaws of the machine than was 
the case with the softer hybrid. It is thought that the smaller contact 
area caused a localization of stress which allowed the more rounded 
kernels to be more easily crushed even though they were harder than 
the flat ones of (WF9 X CCl) (Ind. 66 X Hy). Results indicate 
that the rounded crushing surfaces of the machine described in this 
paper tend to minimize the effect of kernel shape on crushing resistance. 

Variability of Individual Kernel Tests Compared With Aggregate 
Tests. The most striking observation made while testing hardness by 
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crushing individual corn kernels with several individual kernel ma¬ 
chines was the extreme difference in their hardness. When such tests 
were run using the \^each machine on the above mentioned hybrids, 
120 kernels of (\VF9 X CCl) (Ind. 66 X Hy), with a mean crushing 
resistance of 164.5 lbs. had a standard error for individual tests 
of ±97.0 lbs. One hundred tw’enty kernels of (38-11 X 5677) 
(307 X Kys), with a mean crushing resistance of 109.0 lbs. had a 
standard error for individual tests of ±86.0 lbs. Similar tests were 
run on inbred 38-11 to determine whether inbreds varied as much as 
hybrids. One hundred kernels had a mean crushing resistance of 112 



Fig 6 Tuo hybrids produced irom mbredfc selected for their hardness contributing qualities 


lbs. with a standard error of 56.0 lbs. It was found in testing Illinois 
Station Yellow Dent, verj' closely graded for size through both round 
and long holed screens, that it was necessar>' to test 273 kernels to 
obtain means that were significant at the 5% level, within the limits, 
dblO.O lbs. 

Using the recorder score of the machine under consideration, 
hybrid (38-H X 5677) (307 X Kys) with a mean hardness index of 
72.0, had a standard error of ±1.29 for individual tests. Hybrid 
(WF9 X CCl) (Ind. 66 X Hy), with a mean hardness index of 56.0, 
had a standard error for individual tests of ±0.71. Although the units 
of measurement differ in the two types of tests, it is evident that the 
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machine described here, has materially reduced the error of hardness 
tests. 

Other Seeds, When the crusher was used for testing so> beans no 
change was found necessary in the crusher clearance or the rate of feed. 
Soybeans proved softer than corn, and there was less fluctuation in 
crushing pressure. However, tests showed considerable difference 
between the varieties tested. Tests made on wheat without changing 
the settings from those used with corn were not satisfactory. Some of 
the wheat passed through without being crushed and the feeder de¬ 
livered the wheat to the crusher too fast. With appropriate adjust¬ 
ments, however, it is possible that wheat also could be tested accurately. 
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KERNEL HARDNESS IN CORN. H. A MICROSCOPIC 
EXAMINATION OF HARD AND SOFT TYPES OF 
DENT CORNi 

Edmond H. Bennett® 

ABSTRACT 

A close correlation was found between observed structure of the com 
kernels and hardness as measured with the machine described in the fore¬ 
going article. Mature kernels of hard types of dent corn have smaller 
starch granules and more dense appearing protein matrix than softer types 
of dent com. The amount of flour>' endosperm was found to be greater for 
the softer corns. 

In wet milling, the aims are to remove all the starch from its matrix, 
and to remove all other cell contents from the starch. The more in¬ 
complete their separation, the poorer is the quality of the starch, or the 
lower is the per cent of starch return from corn. In the production of 
corn flakes, large grits are sought that are free from checks. Such 
grits, when properly softened, can be rolled out into large uniform 
flakes. Corns var\’ in the extent to which they satisfy the above 
demands, undoubtedly due to structural differences. Since starch and 
its proteinaceous matrix form most of the endosperm, their relation¬ 
ship is important in a study of its structure, 

Cox, MacMasters, and Hilbert (3) observed that the smallest 
starch granules were found in the cells immediately beneath the 
aleurone layer where they are imbedded in a heavy protein matrix. 
They also noted that during processing most of the granules from this 
location contributed to tailings and relatively few to the prime quality 
section of starch. 

It is the purpose of the present study to compare the structure of 
kernels which contrast widely in hardness, and point out the possible 
significance to the processing of corn. 

Materials and Methods 

Samples of mature kernels from three groups of com were tested 
for hardness employing the machine described by Bennett (1). The 
hardest and softest from each group, as well as four other corns were 
selected for microscopic examination of structural characteristics. 

^Manuacript received August 12. 1949. From the Department of Agronomy, University of 
Illinois, Urbena, Illinois, 

* Instructor in Btology, Division of General Studies, University of Illinois, Urbana. Illinois. 
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These included: a rice type popcorn, a Peruvian flour com, “Cuzco”;* 
two double cross hybrids, one bred for its hard and the other for its 
soft characteristics; one hard and one soft single cross hybrid; one 
hard and one soft inbred; Illinois “high protein” corn with a protein 
content of approximately 20%, relatively hard, and Illinois “low 
protein” corn, relatively soft, with a protein content of approximately 
5 to 6%. 

Sectioning, The mature corn kernels were soaked 28 hrs. in distilled 
water at 36®C. and sectioned with a sliding microfome using a carbon 




Fig. 1. A. Lonsitudinal outline of com kernel, a-b represents point from which trattfn'erse sections 
were taken. 6. Face view outline of a transection. Broken line rectangle indicates area photo¬ 
graphed. 

dioxide freezing attachment. Transverse sections of the corn kernels 
were made at the median of the longitudinal axis (see Fig. lA). Photo¬ 
micrographs were taken of a part of the sections from the aleurone 
layer inward about one-fourth the distance to the center (Fig. IB) of 
the sections. The sections were approximately 20 ^ in thickness, 
with the exception of popcorn which was about \2ii, and Cuzco, 
which was about 80 jn- The sections were stained with safranin and 

* Popcorn and Cuzco were not tested for hardness but were examined microscopically because they 
represent, respectiv^y. the extreme flinty type and the extreme floury type of endosperma. 
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haematoxylin and very lightly with iodine (ten p.p.m.). The staining 
procedure was regulated so that the assembled colors were: pericarp— 
bright red; aleurone layer—dark with some cells clear where the con¬ 
tents had dropped out; cell walls—dark violet to brown; protein 
matrix—light yellowish brown; embr\^o—^violet; starch granules— 
very light blue; nuclei—dark violet. Some sections were stained as 
above but with iodine omitted from the procedure and the coloration 
of the nuclei was the same as those with the iodine included. The 
sections were mounted temporarily in water and photomicrographs 
made. 

Starch granules from each of the corns studied, with the exception 
of the two single crosses and two inbreds, were examined under the 
microscope and measured with an ocular micrometer. The final 
measurement was calculated after checking with a stage micrometer. 
The kernels were first soaked in water, then sectioned with a sliding 
microtome at the location indicated in Fig. IB. Strips w'ere cut from 
three areas of the sections located as follows: area I was located im¬ 
mediately beneath the aleurone layer; area II, midw^ay between the 
aleurone layer and the center of the kernel; and area III, in the center 
of the section. These small strips were placed on a microscope slide in 
a drop of water and the starch granules teased out. A drop of dilute 
iodine solution with a concentration of approximately ten parts per 
million was then added and the measurements made. 

Restilts 

A cross section of a dry mature dent com kernel shows the endo¬ 
sperm with two distinct regions, the horny endosperm and the floury 
endosperm. The flouiy^ endosperm is opaque, friable and easily 
crushed between the fingers. Upon microscopic examination, in con¬ 
trast to the horny endosperm, it has thinner cell walls and less dense 
protein matrix, appearing incomplete in places, around the starch 
granules. The starch granules are more loosely arranged and more 
uniformly spherical in shape in the flour\’' endosperm. The horny 
endosperm, itself, varies in stmeture. All the corns examined showed 
a general pattern as follows: one to several rows of cells just inside the 
aleurone layer are distinguished by their small size, dense protein 
matrix, small starch granules, and thick cell walls. Centripetally the 
cells, as well as the starch granules are progressively larger in size, and 
more variable in size and shape. The starch granules are progres¬ 
sively more crowded farther from the aleurone layer toward the inner 
limits of the homy endosperm. The closely packed granules become 
distorted in shape in contrast to the roughly spherical shape of the less 
crowded granules nearer the aleurone layer. 
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Popcorn and Cuzco. The present study confirmed structural 
differences found by Cox et al. (3) betw-een popcorn and Cuzco. 
Starch granules were smaller and the protein matrix more dense in the 
homy endosperm of popcorn than for corresponding areas in the horn}- 
endosperm of Cuzco. These differences are illustrated by Fig. 2. 
The nuclei in the cells of popcorn endosperm are considerably larger. 
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Fig. 2. A. Photomicr^rapb of cross bection of popcorn showing cellular relationship 1. Pen- 
carp; 2. Aleurone layers 3. Cell of homy endosperm; 4. Nucleus. X lOQ. Thickness 12 m* B. Cross 
section of Cuzco com kernel. Pencarp (1) is shown at bottom. Aleurone layer (2) is two cells thick in 
places. Cells (3) are larger than those oi popcorn Starch granules are larger. Upper left comer of 
photomicrograph includes the edge of the floury endosperm. X 100. Thickness approx 80 /*. 


Deni Hybrids and Inbreds, Fig. 3 illustrates the structural differ¬ 
ences found between hard and soft dent com. The hard double cross 
(38-11 X 5677) (307 X Kys). the hard single cross (L317 X 38-11), 
and the hard inbred (111.90) contained a greater proportion of homy 
endosperm than did the softer corns (WF9 X CCl) (Ind. 66 X Hy), 
(KISS X WF9) and CCl. For corresponding areas within the homy 
endosperms of the harder corns the protein matrix appeared more 
dense, the starch granules smaller and the nuclei more prominent than 
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in the softer corns. The nuclei of the hard inbred, 111.90, were not as 
large as those of the two hard h^^brids. 

Illinois ''high protein" and Illinois "low protein." The contrast in 
macroscopic appearance between sections of Illinois ^*high protein*’ 
kernels and sections of Illinois ‘low protein” kernels was almost as 
great as between sections of popcorn and Cuzco kernels. The kernels 
of “high protein” were the smaller and harder of the two. They con- 
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Fig. 3. A. Photomicrograpli ot croes section ot hard h>bnd f307 X Kjs) (38-11 X5677) wrn 
Icemel. 1. Aleurone Iay^2 Endosperm cells, 3. Nuclei. X 100. Thiclm^ approx. 20 B. Crow 
section of soft hybnd X CCl) (Ind. 66 X Hy). .Meurone cells (1), endosperm cells (2), and 

starch granules are lar^ than those of Uie harder hybnd Nuclei are less conspicuous. X 100. Thick- 
ness approx. 20 tu 

tained a small amount of floury endosperm at the crown, but very 
little or none back of the scutellum. The floury endosperm of “low 
protein” kernels extended from the distal to the chalazal end and in 
some kernels the homy endosperm occurred only as a thin shell around 
the floury endosperm. Microscopic examination showed that “low 
protein” kernels possessed larger starch granules in areas I and II (Fig. 
4), However, the starch granules from the center (area III) of “low 
protein” kernels were smaller than for area II, and the starch granules 




May, 1950 


EDMOND H. BENNETT 


237 


from area III of “high protein” kernels %vere larger than those found 
anj-where else in the same or different kinds of corn that were examined 
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Fig. 4. A. Photomicarograph of cross section of Illinois High Protein kernel. 1. Aleurone cells, 
2. Endosperm cells; 3. Prominent nuclei. X 100. Thickness approx. 18 (i. B. Illinois low protein 
kernel. 1. Aleurone cells. 2. Endosperm cells. Starch granules are larger in the area shown above. 
Nuclei are leas conspicuous. X 100. Thicknew approx. 25 


in the present work. The protein matrix was more dense in the '*high 
protein” corn, and the nuclei were especially large and conspicuous. 

Discussion 

The results of the present work with dent com indicate that hard¬ 
ness is related to certain structural characteristics. The harder corns 
examined had smaller starch granules in a denser appearing matrix 
than the softer corns. The work of Cox et aL (3) indicated that the 
smaller starch granules in a massive protein matrix were contributed to 
tailings. In softer corn with its larger starch granules the separation 
of starch should be more complete resulting in a higher per cent of 
starch return and a greater percentage of high quality starch. This 
expectation needs to be verified by further tests, however. 
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Although considerable effort is expended on methods of processing 
corn to produce better finished products, present methods of quantity 
buying discourage attempts to determine the characteristics that are 
desirable in the raw product. Since wet millers normally produce 
starch from low, or sample grade com, it seems improbable that the 
present research will directly influence their choice of raw material. 
The main conclusion to be drawn from the work presented here is 
that the differences found by Cox et aL (3) between popcorn and flour 
corn also occur, in a less degree, between hard and soft varieties of 
dent com. This may be useful as a partial explanation of differences 
observed by wet millers in steeping different lots of corn. 
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AMINO ACID COMPOSITIONS OF WHEAT 
AND CAROB GLUTENS ^ 

A, C. Rice 2 and P. E. R.uistad^ 

ABSTRACT 

material resembling wheat gluten was prepared from the germ flour 
of the carob seed, Ceratonia siliqua. Hydrolysates of this preparation and 
wheat gluten were anah^zed for their contents of 17 amino acids using 
microbiological methods. Reasonably good agreement was found between 
results for wheat gluten by this procedure and those previously reported in 
the literature. Carob gluten differed from wheat gluten in containing much 
more arginine, aspartic acid, and lysine; somewhat more gh'cine and 
histidine; somewhat less cystine, glutamic acid, and phenylalanine; and 
much less proline. It is apparent that similar physical properties may be 
shared by proteins of wdeh' varjing amino acid composition. 

The unique ph\'sical properties of wheat gluten are in large part 
responsible for the behavior of wheat flour in baked goods. Flours 
of other cereal grains do not possess these properties to the same 
degree and cannot be satisfactorily substituted for wheat flour. 
Variations exist in the properties of glutens depending on the type of 
wheat and the grade of the flour. 

I ContrSbation from School of Nutrition, Cornell University, Ithaca, N. Y. 

Received for puhllcatioa October 3, 1049. 

* Present address: New York State Agricultural Emriment Station, Geneva, N. Y. 

•.Associate Professor, School of Nutrition, Cornell Univeralty. 
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Many workers have studied the chemistry of the wheat proteins in 
an effort better to explain their physical properties and account for 
variations in these properties. The literature in this field has been 
reviewed by Bailey (2). Differences have been observed in chemical 
composition of proteins from various flours, but correlation of these 
wdth physical behavior proved difficult. 

Bienenstock et aL (3) have reported that proteinaceous materials 
possessing the ph} sical properties of gluten may be prepared from the 
germ tissues of seeds of certain members of the legume family. One of 
these is the carob bean, Ceratonia sHiq^ia, indigenous to the Mediter¬ 
ranean area. The carob bean pod is used in livestock feeds; the seed 
endosperm when ground is the product knowm as locust bean gum, and 
the seed embryo is used in Europe both in feeds and human food. The 
embryo contains no starch but has a very high protein content, over 
50%. When^the embryo is ground to a flour, it may be made into a 
dough with w’ater. This dough, if carefully washed to remove non- 
proteinaceous materials, will yield a “gluten” which closely resembles 
wheat gluten in appearance, extensibility, and elasticity. 

It seemed of interest to prepare some of this carob gluten and 
compare its amino acid composition wdth that of wheat gluten to 
ascertain whether or not two materials of such outward similarity were 
also similar in composition. 

Materials and Methods 

Wheat flour used as a source of gluten was a commercial strong 
baker’s patent. 

Carob germ flour was prepared from carob seeds. Seed coats were 
removed by carbonizing in concentrated sulfuric acid, washing in 
water, and drying. Germ was separated from endosperm by a grinding 
and sifting procedure, taking advantage of the fact that the endosperm 
was very hard and tough, while the germ was much more friable. The 
germ was finally ground and bolted through a 10 xx silk bolting cloth. 
The germ flour recovered comprised 22% of the weight of the seeds. 

Both the wheat and carob flours were extracted for 16 hrs. with 
petroleum ether (b.p, 30-60®C.) in a Soxhlet extractor. 

Gluten was prepared from the wheat flour by the A.A.C.C. (1) 
method. A similar procedure was used for the carob germ flour ex¬ 
cept that 140% absorption was required in making the dough. 

Following the determination of moisture content and nitrogen 
(Kjeldahl) according to A.A.C.C. methods (1), hydrolysatesof thecarob 
and wheat glutens were prepared. Acid and alkaline hydrolysates 
were made, using 20 ml. of 10% hydrochloric acid per gm. of sample 
for the former and 20 ml. of sodium hydroxide per gm. of sample for 
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the latter. The samples varied in weight from 1-1.5 gms.; the dr>- 
weight, however, was from 0.3-0.S gms. Hydrolysis was carried 
out in sealed ampules at 15 lbs. pressure for 16 hours. After 
neutralization, the h^^drolysates were filtered or centrifuged, made to 
volume with distilled water (acid hydrolysate, 100 ml.; alkaline 
hydrolysate, 200 ml.), and stored under toluene at 2°C. 

The hydrolysates were analyzed microbiologically for those amino 
acids indicated as being present in wheat gluten by Block and Bolling 
(4). The alkaline hydrolysates were employed for the assays of 
tyrosine and tryptophan, while the acid hydrolysates were used for 
the remainder of the assays. The media of Steele et al, (10) and 
Stokes et ai. (11) were used with slight modifications. A stock vitamin 
mixture was used, differing slightly from that of both authors, which 
was as follows: thiamine • HCl— 2SO7, pyridoxamine• HCl— SOO7, 
pyridoxal • HCl— SOO7, Ca-dl-pantothenate— 2SO7, riboflavin—2507, 
niacin— 5 OO 7 per 250 ml. of medium. 

Organisms used included Streptococcus faecalis^ Leuconostoc mesen- 
teroides P-60, and Leuconostoc citrovorum, 8081.'* These were trans¬ 
ferred to a liver-tryptone broth (6) 16-24 hrs. prior to inoculation 
of the assay. Before inoculation, the broth cultures were centrifuged 
at 2,500 r.p.m. for IS mins., washed with 10 ml. of physiological 
saline solution, recentrifuged, and made up in a saline solution to a 
turbidity of 70% against distilled vrater. Turbidity of the inoculum 
was determined in the same manner as turbidity of the assays. 

The assay procedure employed eight dilution levels in triplicate for 
the standard curve and four dilution levels, in duplicate, for each 
sample. After inoculation with one drop of inoculum, the assay was 
incubated for 16 hrs. at 37®C. The results, determined turbidi- 
metrically at 650 m/z. using filter PC-5 in a Coleman Universal spectro¬ 
photometer, were averaged for the four dilutions and again for the 
duplicates. The value thus obtained is reported. 


Restilts 


The moisture and nitrogen contents of the two glutens were as 


follows: 


Nitrogen 

Moisture (dry basis) 


Wheat gluten 67,9% 16.1% 

Carob ^uten 61.0% 16.3% 


Results of the amino acid assays, in Table I, indicate a difference 
in the amino acid compositions of the two glutens. This is especially 
true for the basic amino acids, arginine, lysine, and histidine, which 
are found in larger proportions in the carob gluten and the heterocyclic 


« Cnltuz«8 were obtaixted from the Dept, of Biochemistry and Nutrition. Cornell University. 
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TABLE I 


Amino Aqd Contents of Wheat and Carob Glutens 
BY Microbiological Methods 


Amino amd 

Wheat gluteni 

Carob gluten^ 

Organism 

Medium 

Glycine 

2.8 

4.1 

c 

II 

Leucine 

5.6 

5.0 

B 

I 

Threonine 

2.1 

2.6 

B 

I 

Alanine 

1.7 

2.1 

A 

II 

Isoleucine 

3.6 

3.2 

B 

I 

Valine 

3.5 

3.5 


I 

Phenylalanine 

4.4 

2.7 

c 

I 

Tyrosine 

3.4 

2.2 

B 

I 

Cystine 

Methionine 

2.2 

1.2 

c 

11 

1.3 

0.6 

B 

I 

Glutamic acid 

28.6 

20.2 

C 

II 

Aspartic acid 

2.7 

6.1 

C 

II 

Arginine 

3.3 

12.8 

B 

I 

Lysine 

Histidine 

1.4 

1.9 

4.3 

25 

C 

B 

II 

I 

Proline 

10.7 

2.6 

c 

i n 

Trj^tophan 

0.9 

0.6 

B 

I 


A— Leuconostoc cUrcyoorum, 8081 
B— Streptococcus faecalis 
C— Leuconostoc mesenteroides^ P-60 
I—^Stokes, et al (11) 

II—Steele, et al (10) 

1 g,/16»0 g. nitrogCD. 

TABLE II 

Comparison of Wheat Gluten Composition with 
Values Reported in the Literature 


Amino add^ 


Present 

mvestigation 


Block and 
Bollxng (4) 


Padoa (7) 


Alanine 

Arginine 

Aspartic acid 

Cystine 

Glutamic acid 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine^ 

Phenylalanine 

Proline 

Threonine 

Tryptophan 

Tyrosine 

Valine 


1.7 

3.3 

2.7 
22 

28,6 

2.8 

1.9 

3.6 

5.6 

1.4 

1.3 

4.4 
10,7 

2.1 

0.9 

3.4 

3.5 


5 

5.0 

3.9 

1.9 

10 

9.6 

1.7 

1.4 

27 

26 8 

9 

8.6 

2.2 

0.97 

_ 

8.60 

1.9 

1.2 

3 

— 

5.5 

4.08 

10 

, 8.05 

2.5 

1 — 

1.0 

1.24 

3.8 

1.34 

— 

3.27 


3.5* 


1.56» 

0.93* 


* ia ** 


jberlich and Baumann (9). 

* Reuen, Schweigert, and Elvs^em (8). 

* Greenhut. Schwwgert, and Elvehjem (5). 
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amino acids, proline and tryptophan, present to a greater extent in 
wheat gluten. 

A comparison of amino acid values found for wheat gluten with 
those previously reported in the literature (4), (S), (7), (8), (9) is given 
in Table IL In making this comparison, several factors should be 
borne in mind. Many of the values (4), (7) were determined by 
chemical analyses rather than by microbiological assay. Others (5), 
(8), (9) were obtained by microbiological assays with titration of acidity 
rather than turbidity as the measure of growth. Discrepancies among 
assays may also result from variations in raw material, poor recovery’, 
and destruction or racemization of amino acids during hydrolysis. 
Poor agreement (low values) may be noted for aspartic acid, alanine, 
and glycine. Otherwise the values found by the procedures employed 
check well with those reported by other workers. 

Discussion 

The preparation of a material having the peculiar physical prop¬ 
erties characteristic of gluten from a source other than wheat flour is 
of considerable interest in that it offers unique possibilities for funda¬ 
mental studies on the factors responsible for these physical properties 
and the manner in which they may be modified by various treatments. 
That the formation of a glutinous structure in wheat flour dough is 
dependent on proper physical manipulation is generally recognized. 
Similar observations were made with the carob germ flour. Obtaining 
a strong, coherent gluten from this product required that the flour be 
sufficiently finely ground, that the proper amounts of water, time, and 
physical working be employed in preparation of the dough. 

Gluten is by nature a heterogeneous mixture. Attempts to purify it 
by even rather mild treatments may greatly modify its properties. By 
comparing the compositions of glutens from different sources, some 
insight may be gained into which are the essential and which the non- 
essential constituents. 

Microbiological methods for determination of amino acids cannot 
be r^arded as perfected. Nevertheless these methods are sufficiently 
accurate to have become exceedingly valuable tools particularly for 
comparing the approximate compositions of proteins. 

Since the amino acid composition of carob gluten differs quantita¬ 
tively from that of wheat gluten it appears that a highly specific amino 
add composition is not essential for a protein to exhibit glutinous 
properties. This does not, however, rule out the possibility that such 
properties reflect the presence of certain types of amino add groupings 
with others acting as diluents having no specific influence on the physi¬ 
cal properties. 
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AN ELECTROPHORETIC ANALYSIS OF SOYBEAN 
PROTEIN* » 

D. R. Briggs and Robert L. Mann® 


ABSTRACT 

Electrophoresis patterns for water extracts of defatted soybean meal, 
containing 95% of the total nitrogen, disclosed the presence of at least seven 
electrophoretically distinct proteins. “Glydnin,” the globulin commonly 
considered to be the prindpal protein of soybeans, was found to be a mixture 
of components which constituted about 75% of the total soybean protein. 

The composition of the globulin preparations, as shown by electro¬ 
phoresis, varied considerably depending on the method of isolation. An 
electrophoretically homogeneous protein representing 60% of the globulin 
fraction was predpitated by cooling a water extract of the meal, the predp- 
itation being enhanced by the addition of a small amount of caldum chloride. 

Its isoelectric point, as determined by microelectrophoreds, was pH 5.4, 
Solubility experiments with this protein fraction indicated it to be non- 
homogeneous by this criterion. 

Osborne and Campbell (9) gave the name glycinin to that protein 
fraction which precipitated when a 10% sodium chloride extract of 
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defatted soybean meal was dial^^zed against water. They also reported 
the separation of three other proteins. Jones and Csonka (6) obtained 
five proteins by fractionation with ammonium sulfate. The fraction 
precipitable from a 10% sodium chloride extract at 55% saturation 
with ammonium sulfate resembled the glycinin of Osborne and 
Campbell. Its isoelectric point was pH 5.2. Earlier (2), glycinin 
prepared by the method of Osborne and Campbell was reported to 
have an isoelectric point of pH 4.7. Hartman and Cheng (3) prepared 
a ''purified glycinin” and found the isoelectric point to be pH 5.02. 

Smiley and Smith (t) showed that the nitrogen content of 16 
samples of "glycinin” prepared by several methods ranged from 15.68% 
to 17.74%. McKinney, Sollars, and Setzkorn (8) have also recognized 
the fact that the composition of "glycinin” is dependent upon the 
method of preparation. 

In view of the uncertainty which exists concerning the composition 
of whole soybean protein and of the anomalous behavior of glycinin 
when isolated by different methods, this investigation was made in an 
attempt to define more clearly this complicated protein system by 
subjecting it to electrophoretic analysis. 

Materials and Methods 

Materials. Wisconsin Manchu soybeans grown in 1946 at the 
University of Minnesota were used throughout the experimental work. 
Samples suitable for protein extraction were prepared by grinding the 
beans in a Wiley mill through a 0.5 mm. screen and removing the oil 
by-'extraction with petroleum ether (boiling range 30®~60®C.) in a 
Soxhlet extractor. The defatted meal was air dried and stored in 
stoppered bottles in a cold room. A typical fat-extracted meal 
sample showed the following percentage composition: moisture, 9,5; 
nitrogen, 7.26; ash, 5.29. 

Extraction Method. The procedure used for extracting the protein 
from the oil-free meal was essentially that employed by Smith et al, 
(11). Defatted meal and a portion of the solvent were placed in a 
centrifuge bottle and mechanically shaken for 30 min., then centrifuged 
until the supernatant was clear. The type of extracting medium and 
the ratio of meal to solvent were varied during the investigation. 
Depending upon the nature of the experiment, either these extracts 
constituted the protein solutions studied, or the protein was precipi¬ 
tated by one of several methods and redispersed in an appropriate 
solvent. 

Electrophoretic Analysis. Protein solutions to be analyzed electro- 
phoretically were equilibrated by dialysis for at least four days at 4®C. 
against several changes of a suitable buffer—toluene being used to 
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inhibit bacterial growth. Electrophoresis ol the solutions was 
observed in a Tiselius apparatus equipped with a Longsworth scanning 
device (7). On completion of a run a scanned photograph was taken. 
The field strength employed in all experiments was 5.5 volts/cm. and 
unless otherwise noted the time of each run was 6,440 sec. Since, for 
purposes of comparison, it is necessary* in most cases to superimpose 
one electrophoretic pattern on another, tracings of projections of 
these plates are shown in this report ol the work. In each figure is 
shown a scale equivalent to 1 cm. in the electrophoresis cell. 

Results 

Electrophoresis of The Water Extractable Protein, Extraction of 
3 g. of meal with 100 ml. of water resulted in the dispersion of 95.1% 
of the total nitrogen present. The solution obtained after centrifug¬ 
ing, although slightly cloudy, was sufficiently clear for electrophoretic 
analysis. Three extracts were prepared in this manner. Two were 
dialyzed against phosphate buffers, one at pH 7.6, 0.1 ionic strength, 
the other at pH 6.6, 0.1 ionic strength. The third extract was equili¬ 
brated against veronal buffer at pH 9.0 and 0.09 ionic strength. 
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Results of electrophoresis of these preparations, each being adjusted to 
approximately a 1% protein concentration, are shown in Fig. 1. 

These patterns reveal that while there exist at least seven electro- 
phoretically distinct proteins in the extract, approximately 75% of the 
total protein is present as a fast moving fraction which appears to 
consist of three electrophoretically different proteins. 

Since these extracts are complicated mixtures, it was desired to 
determine, if possible, which of the electrophoretically distinguishable 



FiU. 2. Electrophoresis pattern ot a whole water extract (A), compared with water extracts 
after eUmination of *‘^ycinin" by add extraction (B), and by dialysis of an aoueous extract (C). The 
solutions were run at pH 7.6. 0.1 ionic strength. 


fractions compose the protein glycinin. Glycinin was originally 
defined as that fraction of the total soybean protein extractable with 
10% sodium chloride solution which precipitates on dialysis of a meal 
extract against water (9). Probably a more widely used alternate 
method for the preparation of the globulin is that of precipitation by 
adjusting an aqueous extract to pH 4.5 (4). It is apparent, then, that 
extraction of meal at pH 4.5 should give a dispersion containing, for 
the most part, those proteins other than glycinin. Accordingly, 16 
g. of meal were extracted with 100 ml. of water maintained at pH 4.5 
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with acetic acid. This extract was dialyzed against phosphate buffer 
of 0.1 ionic strength and pH 7.6. 

For comparison 16 g. of meal were extracted with 100 ml of water 
and the extract dialyzed against running distilled water in the cold 
until precipitation was complete. The precipitate was removed by 
centrifugation and the supernatant liquid dialyzed against phosphate 
buffer of 0.1 ionic strength at pH 7.6. 

The electrophoretic analyses of these two solutions should indicate 
which proteins are precipitated by acidification or by dialysis, i.e., 
the so-called glycinin fraction. The patterns are compared with that 
of a complete water extract of meal in Fig. 2. 

While the patterns shown in Fig. 2 cannot be considered as yielding 
an accurately quantitative comparison, it is, nevertheless, evident 
that the globulin fraction of the soybean protein is identified with the 
large faster moving peak (or peaks) of the electrophoresis pattern 
obtained with the complete water extract of the meal. 

Electrophoretic Analysis of '^GlycinM* Prepared by Several Methods, 
Since the patterns of Fig. 2 indicate that glycinin may consist of more 
than a single component, the reported variation in composition and 
properties of this material may well be due to the several components 
being precipitated in varying proportions, depending on the method of 
isolation. Protein fractions were prepared by each of several methods 
which have been claimed to yield glycinin and these were examined 
electrophoretically in an effort to detect such variations in composition. 
The following procedures which w^ere employed for the preparation of 
these samples are quite typical of those used by various investigators. 

A. Water extraction, acid precipitation: Six grams of meal were 
extracted with 100 ml. of w’'ater. Protein was precipitated by adjust¬ 
ing the solution to pH 4.5 with dilute sulfuric acid. 

B. Alkali extraction, acid precipitation: Six grams of meal were 
extracted at pH 10.5 with 100 ml. of 0.1 N sodium hydroxide solution. 
The protein was precipitated as in (A) with sulfuric acid at pH 4.5. 

C. Salt extraction, precipitation by dialysis: Six grams of meal were 
extracted with 100 ml. of 10% sodium chloride solution and the extract 
was dialyzed against running distilled water until precipitation was 
complete. The precipitate was redispersed in 10% sodium chloride 
solution and again precipitated by dialysis. The dispersion and 
dialysis were repeated a second time. This preparation should cor- 
respKjnd to the original glycinin of Osborne and Campbell (9). 

D. Preparation according to Jones and Csonka (6): Six grams of 
meal were extracted with 100 ml. of water and the extract dialyzed 
agaunst running distilled water. The precipitate obtained was taken 
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up m 10% sodium chloride solution and the glycinin precipitated by 
the addition of ammonium sulfate to 55% saturation. 

The following amounts of protein, based on the per cent of total 
nitrogen extracted, were obtained as “glycinin*' by each method: A, 
71.6%; B, 70.0%; C, 67.3%; D, 59.0%. Each of the above prepara¬ 
tions was dissolved in buffer so as to yield an approximately 1% 
protein solution and all were equilibrated against phosphate buffer of 
0.1 ionic strength at pH 7.6 and examined in the electrophoresis 
apparatus. The Tiselius patterns are shown in Fig. 3. 



Fig. 3 hlectrophoreMb patterns ot prepared by four different methods. A—method A; 

B—method B. C—method C; D—method D. The solutions were run at pH 7.6,0.1 famic strensth. 


The variability of “glycinin** preparations is demonstrated by 
these patterns. It is evident that the globulin prepared according to 
the method of Osborne and Campbell is electrophoretically in¬ 
homogeneous and that none of the other preparations which have been 
identified by the name, glycinin, is electrophoretically homogeneous or 
identical with the preparation of Osborne and Campbell, 

The ammonium sulfate fractionation of a meal extract to give 
five proteins, as reported by Jones and Csonka (6), was repeated and 
all the fractions were found to be electrophoretically heterogeneous. 
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Isolation of an Electrophoretically Homogeneous Soybean Protein, 
During some preliminary experiments it was observed that when a 
concentrated meal extract was cooled to 0® C. a precipitate formed 
which would redisperse on warming the solution again to room tem¬ 
perature. This precipitated material could be removed by centrifuga¬ 
tion in the cold and, by electrophoretic comparison of aqueous extracts 
before and after its removal, it was shown to constitute a part of the 
*'glyclnin” fraction. In addition, the patterns gave some indication 
that the precipitate was composed primarily of only one of the proteins 
belonging to this group. This offered a clue to a possible means of 
separating a single protein component from a water extract. 

The method used for the preparation of this cold-precipitable 
protein was as follows: Ten to 20 g. of meal were extracted with 100ml. 
of water. The high ratio of meal to solvent was necessary since little 
or no precipitation occurred on cooling the aqueous extract unless the 
total protein concentration was somewhat greater than 1%. A 
centrifuge tube containing the extract was placed in ice water and 
allowed to stand several hours. The cloudy suspension which formed 
was centrifuged in the cold and the supernatant discarded. The 
residue was an amber colored, translucent syrup which dispersed ver>’ 
readily in a small quantity of distilled water. An aqueous solution 
of this cold-precipitated protein was clarified by centrifuging at room 
temperature and dialyzed against distilled water until complete 
precipitation of the protein resulted. The aqueous suspension of 
protein was either dried in vacuo from the frozen state or the protein 
was removed by centrifugation, dehydrated by washing with methyl 
alcohol, and dried with ether. In either case the product was a white 
powder which was soluble in 2% sodium chloride. 

Three solutions containing this protein in a concentration of 
1% were prepared with the following buffers: potassium chloride- 
hydrochloric acid buffer, 0.1 ionic strength, pH 2.9; phosphate buffer, 
0.1 ionic strength, pH 7.3; phosphate buffer, 0.1 ionic strength, pH 7.6. 
The patterns obtained from the electrophoretic anal3^is of these 
solutions are shown in Fig, 4. No distinguishable electrophoretic 
inhomogeneity of this protein fraction is apparent. 

The next step in studying this apparently homogeneous fraction 
was to determine to what extent it occurs in a water extract of meal. 
In a series of extracts having a total protein concentration varying 
from 2% to 4%, approximately 30% of the total protein precipitated 
on cooling. In this concentration range, the amount precipitated 
appeared to be independent of the total protein concentration. 

Smith, Circle, and Brother (11) have extensively studied the pep- 
tizability of soybean protein by neutral salts and shown that in dilute 
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solutions there is a sharp minimum in the peptization curve which 
varies in degree with the kind of salt used. They found that the 
curves could be fairly well reproduced by the alternate procedure of 
starting w’ith a water extract and precipitating the protein by the 
addition of increasing quantities of salt. In the present study, aqueous 
solutions of the cold-precipitated protein were observed to be extremely 
sensitive to precipitation by the addition of neutral salts and this 
suggested the possibility that more of the cold-precipitable protein 



might be obtained from the cooled aqueous extracts by such addition of 
salts. Because of the coincidence of its precipitation and peptization 
curves as indicated in the data of Smith, el al. (11), calcium chloride 
was chosen as the salt to be used. 

Fifteen grams of meal were extracted with 100 ml. of water. The 
extract was cooled and the cold-precipitated protein removed by 
centrifugation. After wanning the extract again to room tempera¬ 
ture, calcium chloride solution was added in an amount insufficient to 
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bring about precipitation at room temperature. The pH was ad¬ 
justed back to 6.5 (pH of the water extract) by the addition of a 
minute quantity of sodium hydroxide solution. The solution was then 
cooled again. More precipitate formed and was removed by centrifu¬ 
gation. This process was repeated until it became impossible to add 
any further calcium chloride at room temperature without precipita¬ 
tion. At this point it was assumed that all the cold-precipitable 
protein had been removed. The original cold-precipitated material 
plus that precipitated by adding the salt and cooling comprised 4AA% 
of the total soybean protein. The electrophoretic behavior of those 
fractions obtained on cooling after calcium chloride addition was 
identical in ever\’ respect with the fraction that precipitated initially 
from a water extract in the cold. It may be concluded that at least 
44% of the total protein extractable from so^'bean meal by water can 
be isolated as an electrophoretically homogeneous material. If it is 
assumed that proteins precipitated by dialysis (globulins) comprise 
75% of the total protein, then the cold-precipitable fraction con¬ 
stitutes about 60% of this fraction. 

Two rather interesting possibilities were suggested by these 
experiments. First, Smith, et aL (11) found that the minimum point 
on the sodium chloride peptization curve showed that 48.8% of the 
total water extractable nitrogen was not extracted at the corresponding 
salt concentration. The agreement between this figure and the value 
44.1% for the apparent total cold-precipitable protein obtained in the 
present study appears to be more than coincidental. It may be 
postulated that the precipitating effect of the sodium chloride is 
specific for the cold-precipitable protein. Some justification for this 
idea is found in the observation that an aqueous extract, after removal 
of this protein fraction, shows no precipitation on the addition of 
sodium chloride in any quantity. Further, the protein precipitated by 
sodium chloride from a water extract of meal showed electrophoretic 
properties identical with the cold-precipitated protein. 

Second, as in the case of sodium chloride, the addition of the first 
increments of calcium chloride apparently causes precipitation of the 
cold-precipitable protein alone. However, when calcium chloride is 
added in an amount which will yield maximum precipitation at room 
temperature, the amount of protein that is precipitated represents 
76% of the total extracted by water (11)—a value corresponding 
favorably with the percentage of total globulin components present in 
an extract. To determine if calcium chloride precipitates only the 
globulin fraction, electrophoretic patterns of an extract before and 
after maximum calcium chloride precipitation were made. The salt 
precipitation was carried out on an extract of 6.5 g. of meal with 100 mL 
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of water by adding calcium chloride in small quantities until no more 
precipitation occurred. The coagulated protein was removed by 
centrifugation and a nitrogen analysis of the supernatant indicated 
73.2% of the nitrogen present in the original extract had been elim¬ 
inated by precipitation. The electrophoresis patterns for the proteins 
of the original extract and of those not precipitable by calcium chloride 
are compared in Fig. 5. The supposition that calcium chloride, at that 
concentration where it shows its maximum capacity to precipitate the 



Fig. S. Electrophoresis patterns of a water extract before (A) and after (B» maximum preapitatiou 
with calaum chloride. Run at pH 7.6. 0.1 ionic strensth. 

total water extracted protein, precipitates only the globulin fraction 
appears to be approximately correct. 

The electrophoresis pattern of the whole water extract indicated the 
presence of three proteins in the globulin group. After removal of the 
cold-precipitable protein, the other two fractions may be precipitated 
by the further addition of calcium chloride. All attempts to fraction¬ 
ate these two components with calcium chloride resulted only in 
precipitation of mixtures of the two. Apparently both are coagulated 
by calcium chloride with comparable facility. The isoelectric point of 
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this mixture as determined by the method of microelectrophoresis 
was pH 4.8. 

Some Properties of the Electrophoretically Homogeneous Protein. A 
detailed investigation of the optimal conditions for obtaining this 
protein by cooling an extract has not been carried out. It seems, how¬ 
ever, that water is the best extracting medium. No cold precipitation 
will take place from a 0.85JI/ sodium chloride solution, for example. 
The extent to which the presence of added salts affects the precipita¬ 
tion is not known. On the basis of purely qualitative turbidity 
experiments, the amount of precipitate formed is dependent on both 
pH and salt concentration. At pH 7.6 little cloudiness was observed at 
0.2 ionic strength, but normal precipitation apparently took place at 
0.1 ionic strength. At pH 6.0, however, cold precipitation occurred 
readily at 0.2 ionic strength. 

A partial analysis of the protein showed that it contained 17.17% 
nitrogen, 0.73% sulfur, 0,05% phosphorus, and 0.10% ash on a dry- 
matter basis. 

As a further criterion of purity, the solubility method (5) was ap¬ 
plied to the electrophoretically homogeneous protein. The wet curd 
which resulted after dialysis of a water dispersion of the protein was 
suspended in a small quantity’ of a suitable solvent. The suspension 
was allowed to equilibrate with a large volume of the solvent by 
dialysis. Two solvents were used—1.8% sodium chloride buffered at 
pH 5.9 with potassium phosphate salts, 0.1 ionic strength, and phos¬ 
phate buffer at pH 7.0, 0.1 ionic strength. Sk>lubilities were deter¬ 
mined at 5®C. and 20®C., respectively. Varying amounts of the 
equilibrated suspension were made to volume with the solvent and 
nitrogen was determined on aliquots. The solutions were rocked in a 
mechanical rocker until equilibrium was reached, filtered, and nitrogen 
was determined on aliquots of the filtrate. Fig. 6 and Fig. 7 show’ 

Hfi. 



Fig. 6. Solubility of cold-predpitated protein in 1.8% sodium chloride, pH 5.9 at 5^. 
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TOTAL N PER 5 ML. 

Fu. 7 Sohibilitv ol cold pucipitated piotem m phospluu bufter, pH 7 0, 0 1 lonu stientith at 20®C 

plots of total nitroj»en present against nitrogen dissolved by the two 
solvents. 

The solubility ol this protein is not independent of the solid phase 
present and the protein cannot, therefore, be considered to be truly 
homogeneous. 

The isoelectric point of the cold-precipitable protein was deter¬ 
mined by the method of microelectrophoresis using a horizontal cell of 
the type designed by Briggs (1). Mobilities were measured by observ¬ 
ing the movement of protein-coated quartz particles suspended in 


ctn! vt* stcl 



Fio. 8. pH-mobiUty curve tor cold-precipitated protein. 
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acetate buffers of 0.01 ionic strength. The isoelectric point is at pH 
5.4 as indicated by the pH-mobility curve shown in Fig, 8. 

The Effects of Varying the Ratio of Meal to Water During the Ex- 
tractimi of Protein, Water was shown to extract 95% of the total 
nitrogen from meal when a ratio of 3 g. of meal to 100 ml. of water was 
used. In the work involving isolation of the cold-precipitable protein 
it was necessary to use rather high concentrations of protein which 
were most readily obtained by increasing the ratio of meal to water 
during the extraction process. However, at a meal to water ratio of 
20 to 100, only about 50% of the nitrogen could be extracted. The 
question arose as to whether or not this 50% extract contained all the 
proteins in the same proportions as in the 95% extract. There was the 
possibility that in the 50% extract some of the proteins were prefer¬ 
entially retained in the meal. The answer to this question was 
obtained by making two extractions, one at a meal to water ratio of 3 
to 100, which extracted 95% of the nitrogen, and one at a meal to 
water ratio of 20 to 100, which extracted 54.6% of the nitrogen. Both 
extracts after dialysis against buffer were adjusted by dilution with 
buffer solution to the same nitrogen content and examined electro- 
phoretically. The patterns for these extracts were identical, showing 
the proteins to be present in the same ratio regardless of the amount 
extracted. Thus, the comparison of information obtained from a 50% 
extract, for example, with a 95% extract is justifiable. 

Discussion 

Since water will extract over 95% of the total nitrogen present in 
soybeans, the electrophoresis patterns of such extracts present a rather 
complete picture of soybean protein. The Tiseliiis patterns of 
aqueous extracts adjusted to different pH values do not show signifi¬ 
cant differences other than a separation of the components to a greater 
or lesser degree. Fig. 1 reveals the presence in the water extract of at 
least seven different protein fractions at pH 7.6 in phosphate buffer. 
Planimeter measurement of the areas under the curves of Fig. 2 shows 
that about 75% of the total protein migrates as a fraction which is 
identified as globulin, a material which appears to be a mixture of at 
least three different components. It is likely that the variation in 
composition frequently observed in different preparations of “gly- 
cinin,” i.e., soybean globulins, is a result of the precipitation of these 
globulin components in varying proportions. Fig, 3 also indicates 
that, during acid precipitation in particular (see pattern A), some of 
the protein components other than those of the globulin group are 
carried down and thus contribute to the variability in composition of 
the preparations compared. The most nearly homogeneous of the 
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preparations studied appears to be that obtained by the method of 
Jones and Csonka who reported its isoelectric point to be pH 5.2 (6), a 
value close to that of the electrophoretically homogeneous protein 
reported in this paper. 

The effect of the presence of neutral salts on the solubility of the 
various soybean proteins is of considerable interest in connection with 
their isolation. Although sodium chloride and calcium chloride were 
the only salts used in this investigation, it is probable that their 
precipitating action is typical of the effects shown by other salts ot 
monovalent and divalent cations respectively. That is, extraction of 
meal with the salts of monovalent cations at concentrations near to 
that of minimum peptizing capacity would not, in general, be expected 
to result in the dispersion of the cold-precipitable component of 
soybean globulin; and extraction with salts of divalent cations at 
corresponding concentrations would leave the entire globulin group 
undispersed. 

No adequate explanation for the water peptizability of soybean 
proteins has been attempted. Such an explanation must certainly 
require an understanding of the action of salts on the dispersibility of 
the proteins in general. The precipitate, obtained on cooling an 
aqueous meal extract, is very soluble in water and its aqueous solutions 
are extremely sensitive to the addition of salts and to the removal of 
salts by dialysis. In view of these findings it is believed that a further 
investigation of the solubility properties of this fraction could con¬ 
tribute considerable information which would be useful in any attempt 
to devise an explanation of the water and salt solution peptizability of 
the globulins present in soybeans. The use of this system for such a 
study would be advantageous in that It is undoubtedly less complex 
than any previously described preparation of “glycinin.” 

It must be concluded that, on the basis of its present definition, the 
use of the term ‘^glycinin” to designate any single component of the 
soybean protein is incompatible with the electrophoretic evidence 
presented in this study. The preparation of Osborne & Campbell, to 
which this name was originally applied, is obviously a mixture of 
electrophoretically distinguishable components, as is the case also 
with all other “glycinin** preparations studied; and the various prepara¬ 
tions are not identical with respect to their composition ratios of these 
electrophoretically distinguishable components. It would appear wise 
to designate only the preparation of Osborne & Campbell by this 
term, at least until further study may indicate clearly how the term 
may best be redefined to designate some predominant and reasonably 
homogeneous globulin fraction of the soybean protein. Perhaps the 
cold precipitable globulin, as partially characterized in this study, may 
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logically, and after further characterization, inherit the name. Con¬ 
siderable further study of the other protein fractions of the soybean 
must be made, however, before any redefinition of the term should be 
settled upon. 
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EFFECTS OF SOLVENT AND HEAT TREATMENTS ON 
SOYBEAN PROTEINS AS EVIDENCED BY 
ELECTROPHORETIC ANALYSIS * 

Robert L. Mann* and D. R. Briggs 

ABSTRACT 

The effects of heat and of methanol and ethanol extraction of soybean 
meal on the peptizability of the soy proteins were studied electrophoretically. 

Hot and cold methanol or ethanol extraction of the meal reduced the subse¬ 
quent extractability with water or salt solutions of all the protein compo¬ 
nents but the effect was most pronounced on the globulin components. The 
hot extractions were the more effective. Heating aqueous extracts of soy¬ 
bean meal resulted in the precipitation of protein in varying amounts, the 
quantity being precipitated increased with increase in temperature and 
with length of the heating period. This precipitation was probably the 
result of a heat accelerated interaction of the protein components and 
involved primarily those protein fractions other than the globulins. While 
the isolated globulins alone were unaffected in their dispersibility by heat 
treatment, they became increasingly more nondispersible when heated in 
the presence of the other protein components of the soybean extract. 

The commercial value of fat-free soybean meal is dependent in part 
upon the extractability of the proteins which it contains. Since some 
methods of processing the bean subject it to contact with organic 
solvents and heat, it is apparent that a knowledge of the effects of these 
conditions on the extractability of the protein is extremely important. 

For the most part, previous investigations have involved studies of 
the effects of heat and of methanol or ethanol extraction (1, 2, 4, 11). 
Although the data thus far accumulated are somewhat variable, they 
indicate that heat is the more important factor in reducing the amount 
of protein that can be subsequently extracted from soybean meal, and 
the effect becomes more pronounced as the moisture content of the 
meal is increased. 

In these investigations, the so-called ‘^denaturing” action of these 
agents was determined primarily by following changes in the peptiz¬ 
ability of the protein in water, salt solutions, or alkali solutions. 
Such a procedure, of course, gives no information as to which componr 
ents of the whole protein have become less peptizable after treatment 

1 Paper No. 2530, Scientific Journal Series, MinneKota Agricultural Experiment Station, (From 
the Division of Agricultural Biochemistry, University of Minnesota, St. Paul 1, Minnesota.) 

> Contents of this paper constitute a psurt of a th^ submitted by Robert L. Mann to die Graduate 
Faculty of the University of Minnesota in partial fulfillment of the requirements for the Doctor of 
Philosophy degree, June 1049. 

< Present addi^; Eli Lilly and Company, Indianapolis, Indiana. 
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nor does it indicate the nature of the changes, if any, which may be 
taking place in the protein molecules as a result of such treatment. It 
seemed that considerable information might be gained by using the 
method of electrophoresis in studying the effects of heat, methyl 
alcohol, and ethyl alcohol on soybean protein. 

Materials and Methods 

Materials. Wisconsin Manchu soybeans grown in 1946 af the 
University of Minnesota were used. The beans were ground in a 
Wiley mill to pass a O.S mm screen and the oil was removed by Soxhlet 
extraction with petroleum ether (boiling range 30®-60®C.). The 
defatted meal was air dried and stored in stoppered bottles at approxi¬ 
mately S®C. 

Extraction Method. The procedure used for extracting the protein 
with water or salt solutions was similar to that described by Smith 
et al. (9). The meal and a portion of the solvent were placed in a 
centrifuge bottle and mechanically shaken for 30 min., then centrifuged 
until the supernatant was clear. The amount of nitrogen extracted 
was determined by micro-Kjeldahl analysis of aliquots of the super¬ 
natant solution. 

Alcohol treatment used prior to aqtteous extraction. Defatted meal 
was extracted with hot or cold absolute methanol or 95% ethanol. 
For the hot extraction a continuous type Soxhlet extractor was used 
so that the temperature of the solvent in contact with the meal was 
60®C, in the case of methanol and 73®C. with ethanol. The cold ex¬ 
tractions were carried out at 20®C, in a Soxhlet extractor modified so 
that the solvent passed through a water-cooled coil before coming in 
contact with the meal. In most cases 1 g. of meal was extracted with 
the solvent for a definite length of time, removed from the extractor, 
and allowed to dry in air. The entire residue was then used for the 
aqueous extraction of protein. 

Heat Treatment. A solution to be heated was placed in a test tube 
equipped with a condenser and immersed in an oil bath automatically 
maintained at the desired temperature. The time and the tempera¬ 
ture of heat have been varied during the investigation. 

Electrophoretic Analysis. Protein solutions to be analyzed electro- 
phoretically were equilibrated by dialysis for at least four days at 4®C. 
against several changes of phosphate buffer of pH 7.6 and 0.1 ionic 
strength. Toluene was used to inhibit bacterial growth. Electro¬ 
phoresis of the solutions was observed in a Tiselius apparatus equipped 
with a Longsworth scanning device (7), On completion of a run a 
scanned photograph was taken. The field strength employed was 5,5 
volts/cm. and the time of each run was 6,440 seconds. The Tiselius 
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patterns are shown in the figures as traced outlines in order to allow 
for more convenient comparisons. In each figure is shown a scale 
•representing I cm. in the electrophoresis cell. 

Results 

The Effect of Methanol and Ethanol. One gram portions of air- 
dried meal were extracted with hot or cold methyl or ethyl alcohol. 
After again drying in air each of the samples was extracted with 40 ml. 
of water and the amount of nitrogen in the extract was determined. 
The results of the experiment are shown in Table I. Hot solvent is 


TABLE I 

Effect of Solvent Extraction of Soybean Meal on 
THE Dispersibility of the Protein in Water 


Extraction Solvent 


None 

Cold methanol (20°C.) 
Cold methanol (20®C.) 
Cold ethanol (20°C.) 
Hot methanol {60°C.) 
Hot ethanol (73 °C.) 



9.5 

50.0 

9.5 

9.5 

9.5 


Nitrogen 

Extracted by Water 

% 

89.0 

64.9 

57.7 

60.0 

18.2 

18.0 


seen to decrease the subsequent water extractability of the proteins 
very markedly. Cold solvent is less effective in this regard but its 
effectiveness increases with the time of contact with the meal. At¬ 
tempts were also made to extract the nitrogen from hot methanol or 
ethanol-extracted meal with sodium chloride solutions ranging in 
concentration from 0.02 M to S M. In no instance could more than 
18% of the total nitrogen be extracted. 

Electrophoresis patterns obtained with water extracts of hot and 
cold methanol extracted meals are compared in Fig, 1 with the pattern 
from a water extract of untreated meal. It is evdient from these 
patterns that the globulin fraction of the total soy protein (3) is the 
fraction whose water extractability is decreased most markedly by the 
preliminary treatment of the meal with alcohol. Hot alcohol is most 
effective in this regard. 

The Effect of Heat. Since the object of this experiment was to 
determine the direct effect of heat on the soybean proteins and not on 
their extractability, it was necessary to confine the heating experiment 
to aqueous extracts of untreated (fat extracted) meal. Therefore, the 
results may not be entirely comparable with the information obtained 
by other workers who heated the meal and then determined the peptiz- 
ability of the protein with various solvents. However, it is presumed 
that liie proteins affected and the nature of the effect should, in general, 
be the same in both cases. 
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Preliminary experiments showed that precipitation of protein 
occurred when an aqueous extract of meal was heated. On the basis 
of this observation the following possible factors in the phenomenon 
were investigated: (a) the dependence of the precipitation on tempera¬ 
ture, (b) its dependence on the length of time of heating, (c) the effect 
that the precipitation by heating might have on the amount of electro- 
phoretically homogeneous protein which precipitates upon cooling (3), 
(d) which proteins are precipitated by heating, and (e) the changes 



Fio. 1. Electrophoresis patterns, A—of the total protein extracted by 100 ml. of water from 3 g. of 
meal. B—of the total protein extracted by 100 ml. of water from 4 g. of m«d previously extracted by 
methanol at 20^C., O^f the total protein extracted by 100 ml. of water from 15 g. of meal previously 
extracted by methanol at 60 C. 

taking place in the electrophoretic properties of the protein molecules 
as a result of heat treatments. 

Information concerning the first three problems was obtained from 
the following experiment. Twenty grams of meal were extracted with 
100 ml. of water and a 10 ml. aliquot of the centrifuged extract was 
placed in each of a series of test tubes. Some of these tubes were 
heated for a two-hour period at 45®, 60®, 75®, and 90®C. respectively. 
The rest were heated at 75®C. for varying lengths of time from 2 hr. tx) 
30 hr. At the completion of each heating period the precipitated 
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protein was removed by centrifugation and the per cent of total 
nitrogen which was removed from solution was determined. In none 
of the tubes did the pH of the solution drop more than 0.1-0.2 units 
below that of the original extract which was at pH 6.S. The tubes 
were then placed in ice water in a cold room until the cold precipitation 
of protein (a globulin fraction (3) is precipitated under these conditions) 
was complete. This precipitate was also removed by centrifugation 
and the percent of total (original) nitrogen lost by cold precipitation 
was determined. The results of the experiment are shown in Table II. 

These data show that the protein component which precipitates on 
cooling is not precipitated by heating at 75®C. or less provided the 
length of the heating period does not exceed S hr. 

To determine which protein fractions are precipitated by heat, 5 g. 
of meal were extracted with 100 ml. of water and the extract was heated 

TABLE II 

Effect of He.vting Aqueous Meal Extracts 


Variable Temperature 

Variable Time 


Nitrogen 

Nitrogen 


Nitiogen 

Nitiogen 

Temperature 
of Heating 

Precipitated 

Precipitated 

T ime of 

Precipitated 

Precipitated 

by Heating 

by Cooling 

Heating 

by Heating 

by Cooling 

2 Hrs. 

Heated Samples 


at 75 C. 

ileated Samples 

c. 

% 

% 

h s. 

% 

% 

45® 

7.0 

28.3 

2 

27.3 

28.9 

60® 

16.3 

28.8 

5 

29.3 

28.9 

75® 

27.5 

28.7 

10 

34.4 

23.5 

90® 

52.2 

3.5 

15 

36.6 

22.2 




20 

38.2 

19 9 





40.3 

19.6 


at 75®C. for S hr. The resulting precipitate was removed and the 
supernatant examined electrophorctically. The protein which pre¬ 
cipitated was also dispersed in the standard phosphate buffer and 
examined electrophorctically. These patterns are shown in Fig. 2. 

In a previous paper (3) it was shown that electrophoretic patternsof 
water extracts of meal indicated the presence of at least seven different 
components, three of which migrated in a group which constituted the 
globulin fraction. One effect of the heating becomes strikingly ap¬ 
parent, the precipitation by heat involves, primarily, those proteins 
other than globulin. The mobilities of the globulin components do 
not appear to be altered by the treatment. It is also seen that while, 
in an ordinary water extract, those proteins which are precipitated by 
heating show up as at least three fairly distinct peaks in the electro¬ 
phoresis patterns, the pattern obtained for the heat precipitated 
material shows a single, fairly symmetrical peak. 
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Since here the globulin fraction of soybean protein is apparently 
not involved, it was believed that a better picture of the effect of heat 
could be obtained if the experiments Avere conducted on extracts of 
meal made at pH 4.5, which have been shown (3) to contain all the 
proteins in their usual relative proportions except the globulins which 
are present in a greatly diminished proportion. An observation made 
during preliminary experiments was that actual precipitation on heat¬ 
ing did not occur if the aqueous protein extract was first buffered with 



Fig. 2. Electrophorcbis patterns, A—ol a water extract of meal after remo\^ of piotein precip¬ 
itated by heating .S hrs. at B—ol the protein piecipitated by heating a water extract of meal. 

phosphate buffer at pH 7.6, O.l ionic strength and this proved to be 
useful in this connection. 

Accordingly, SO g. of meal were extracted with 200 ml. of water 
maintained at pH 4.5 with acetic acid. Part of this extract was 
dialyzed against buffer without heating. Another portion was buffered 
at pH 7.6 and heated in the oil bath at 7S®C. for 2 hr. after which it was 
also dialyzed against buffer. No precipitation occurred in either 
portion. Both solutions were examined electrophoretically and the 
patterns obtained are shown in Fig. 3. 
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The change which occurs in the mobilities of these proteins cannot 
definitely be interpreted; but for the present, it may be considered as 
involving an interaction of those constituents under the influence of 
heat. The progress of this interaction could be followed by observing 
the electrophoresis patterns of extracts heated at 60®C. for 2 hr., for 
example. At this temperature and time the interaction was not com¬ 
plete, but part of the protein had been converted into a component 
migrating as a peak corresponding to the one shown for the heated 
sample in Fig. 3. 



Im<. I li'ctiophoifsis patterns, A—ol an extract of meal made ,it 1)11 l-.S, B--ot tlie e\tr.)rt atter 

heatiii}!. 


As shown earlier (3), an aqueous extract of meal contains the non¬ 
globulin constituents to the extent of approximately 25% of the total 
protein. It is seen in Table II, however, that more protein precipitates 
upon heating at temperatures above 75®C., or at 75®C. when heated 
more than 5 hr., than can be accounted for by this 25% alone. This 
su£^:ested the possibility of interaction involving, also, some of the 
protein of the globulin fraction. Such a reaction is implied, too, by 
the patterns of Fig. 3 where it is seen that the small globulin peak pres¬ 
ent in the native extract disappears on heating. In an attempt to 
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verify this supposition 25 g. of meal were extracted with 100 ml. of 
water at pH 4.5 and the extract was heated unbuffered at 75®C. for 
•2 hr. The resulting precipitate was removed and dispersed in buffer 
at pH 7.6, 0.1 ionic strength. This dispersion was diluted with an 
equal portion of a 1% solution of cold-precipitated protein (a globulin 
fraction). The mixture was examined electrophoretically before and 
after heating at 75°C. for 5 hr. The patterns are shown in Fig. 4. 

The indication is that the minor protein components after interact¬ 
ing among themselves will undergo further interaction upon heating 



Ki<3. 4. Klectrophorebis patterns, A—of a mixture ot heat-precipitated and cold-precipitated protem, 
B—of the mixture after heating. 

with the added cold-precipitable component of the globulin fraction. 
This, of course, does not exclude the possibility of reaction with the 
other components of the globulin fraction. The decrease in cold- 
precipitable protein as the amount of protein lost on heating increases 
(see Tablell), however, indicates that the cold-precipitable component 
is among the first to interact with the non-globulin fractions as these 
undergo heat denaturation. 

A rather interesting observation was made that is closely related to 
these heating effects. It was noted than an aqueous dispersion con- 
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t dining all of the soybean proteins would precipitate upon standing five 
to seven days at room temperature. The possibility of bacterial action 
was eliminated, since the coagulation took place even though the 
extracts were protected with toleuene and chloroform or after filtering 
through a Seitz filter and protecting against subsequent contamination. 
Microscopic examination, also, did not reveal the presence of any 
microorganisms. This coagulation was allowed to take place with 
several dispersions and, with only slight variation, 27% of the total 
nitrogen was observed to precipitate in each case. This value is in 
very close agreement with that obtained when extracts are heated at 
7S®C. for S hr. or less. 

Experiments were made in an attempt to identify the precipitate. 
11 was found that the cold precipitable fraction of the globulins was not 
affected by removal of this protein which precipitated at room tem¬ 
perature, and that, after its removal, no further protein could be 
precipitated by heating. The indication, then, is that the protein 
which precipitates at room temperature is the same as that which is 
coagulated by heating. Proof of this lies in the fact that electro¬ 
phoresis patterns of an extract before and after precipitation at room 
temperature, as well as the pattern for the precipitate, showed that 
the proteins removed were the same as those precipitated by heating. 
The agglomeration, again, seemed to be the result of an Interaction of 
the proteins (yielding an electrophoretically homogeneous complex). 
These experiments involving precipitation of aqueous extracts upon 
heating and at room temperature were also repeated with a 5% sodium 
chloride solution of the protein both before and after dialysis against 
sodium chloride. The results were practically identical with those 
obtained on water solutions. It should be pointed out that this 
agglomeration does not occur to a detectable degree at 4®C., and 
therefore does not alter the protein solutions during the four-day- 
dialysis period at that temperature in preparation for electrophoretic 
analysis. 

Discussion 

The Effect of Solvent Extraction of Meal. Although the results show 
that the greatest effect of cold alcohol extraction is on the globulin 
fraction of soybean protein, the other components are also altered to 
some extent by the treatment, because the loss of water extractability 
cannot entirely be accounted for by the decreased area of the globulin 
peak. Of particular interest is the observation that extraction with 
hot alcohol renders the globulin fraction almost completely non- 
dispersible in water, whereas heating the proteins in an aqueous dis¬ 
persion desolubilizes primarily those components other than globulins. 
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Apparently, the effect of heat is dependent upon the amount of water 
present. 

On the basis of these experiments, the postulate (8) that alcohol 
extraction decreases water peptizability of the protein by removal of a 
natural peptizing agent would appear to be incorrect. If this were 
the only effect of alcohol extraction, it should still be possible to 
extract the globulin components with a sodium chloride solution, 
because these in native form are readily soluble in this solvent and do 
not require the presence of any other peptizing agent. The extract- 
ability of nitrogen from alcohol-treated meal with sodium chloride 
solutions, over and above that which is extractable with water alone, 
could not be demonstrated in this work. Thus, it seems that the 
primary effect of alcohol is to alter the globulin components in such a 
manner as radically to change their solubility properties. 

The Effect of Heat. It must be emphasized that the formation of a 
single peak at the expense of several smaller peaks in the electrophoretic 
pattern of a mixture of soybean proteins is not unequivocal proof that 
interaction between the various component proteins has occurred. 
The possibility that each protein has been altered by the heat treat¬ 
ment so that all finally show the same electrophoretic mobility without 
undergoing interaction seems remote, however. Also, since the same 
phenomenon can apparently occur at room temperature, it would 
seem that it is not a result of the type of heat denaturation usually 
encountered in protein systems but that the heat treatment serves only 
to accelerate a denaturation reaction which is already able to proceed 
at room temperature. 

Somewhat similar observations have been reported as resulting 
from the action of heat upon other protein mixtures in solution. 
Kleczkowski (6) found that on heating a mixture of the euglobulin 
and albumin fractions of normal rabbit serum the two proteins unite 
and form a complex. Van de Scheer, Wyckoff, and Clarke (10) have 
observed that a part of the protein of normal horse serum becomes 
denatured when warmed to and a component is formed which 

exhibits an electrophoretic mobility approximately equal to that of 
/S-globulin in the normal serum. This component arises initially at 
the expense of globulins but, when produced in amounts which approxi¬ 
mate the total globulin present, incorporates considerable quantities 
of the albumin. The similarity between this observation and that 
noted upon heating a solution of the soybean proteins is noteworthy. 
The loss of some of the globulin fraction may be a result of its incorpora¬ 
tion into the ag^egate formed primarily by the interaction of the other 
proteins present in the soybean extract. 
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The analogy is inexact, however, in that it is the albumins of the 
soybean extract which undergo the primary aggregation while it is the 
globulin type proteins of blood serum which arc the ones primarily 
involved when he«ated to 65®C. There is also the difference that the 
soybean albumins undergo the interaction at room temperature while 
the blood globulins apparently must be taken to a temperature where 
they become heat denatured before they show this tendency. As to the 
nature of the interaction, present data indicate that it involves an 
aggregation of primary proteins to form complexes which are still 
soluble or peptizable, but which contain molecules of the involved 
protein fractions in proportions which approximate the relative 
amounts of these fractions originally existent in the mixture. This is 
indicated by the fact that the observed mobility of the complex is 
always very close to the resultant mobility (mn) which would be 
calculated from the relationship, 

— Cimi + C2m2 + Csms . . . 

-Ci + C, + Cs7. . 

where Ci, C2, C3, etc. represents the concentrations of the components 
in the uninteracted (original) mixture and mi, mj, m 3 , etc. are their re¬ 
spective mobilities before interaction. In no case has there been any in¬ 
dication that the process involved in the formation of the complex is 
reversible. 

The aggregation and subsequent precipitation of some of the soy¬ 
bean proteins, when allowed to stand in aqueous solution at room 
temperature, may offer an explanation for some of the changes which 
take place on storing soybeans. Jones and Gersdorff (S) have found 
that the storage of ground defatted soybean meal at room temperature 
resulted in a rather rapid decline in the amount of nitrogen that could 
be extracted by sodium chloride solutions. Although the experiments 
reported here involved protein solutions, it seems possible that the 
same type of desolubilization of protein as that which is observed to 
occur in solution at ordinary temperatures could occur also in stored 
meal because of the moisture which is present. 
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THE INFLUENCE OF VARIOUS TEMPERATURES, HUMIDITIES, 
AND OXYGEN CONCENTRATIONS ON MOLD GROWTH 
AND BIOCHEMICAL CHANGES IN STORED YELLOW 

CORNi 

GRAIN STORAGE STUDIES IX 

R. A. Bottomlky^ Clyde M. Christensen,® and W. F. Geodes'* 

ABSTRACT 

'rhe eftectb of variations in temperature and oxygen concentration in 
the atmosphere upon mold growth, viability, and several biochemical proper¬ 
ties of No. 1 grade yellow dent corn stored for 12 daj^s at different moisture 
contents, were determined in a factorially designed experiment. The 
moisture contents, which were in equilibrium with relative humidities of 
from 75 to 100%, varied from 17.4 to 31.2% (dry basis); the temperature 
ranged from 25® to 4S®C. and the oxygen concentration varied from 21% 
to 0.1%. 

Mold growth and the biochemical properties of the corn were affected 
most by the variations in relative humidity and least by the changes in 
atmospheric composition. The effect of each variable depended upon the 
levels of the others. As the relative humidity of the air in contact with 
the corn was increased from 75 to 100%, the total mold count increased 
logarithmically, the internal mold infection and fat acidity increased sharply, 
total and water-soluble nitrogen increased slightly, reducing sugars in¬ 
creased, while non-reducing sugars, total dry matter, and the viability of the 
grain decreased. The highest mold count was found at 2S®C. and the high¬ 
est fat acidity at 40°C.; the lowest values for these measures were obtained 
at 4S®C. Lowering the oxygen content of the storage atmosphere from 
21 to 0.1% decreased the extent of the various changes; the depression in 
mold count was four times greater than in fat acidity. 

The nature of the microflora varied with moisture, temperature, and 
oxygen concentration. Corn in equilibrium with a relative humidity of 
80%, and over all the atmospheric conditions employed, supported pre¬ 
dominately FenicUlium sp. at 25®C., Aspergillus flatus at 30®C., A, glaucus at 
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35°C., and Mucor sp. at 45°C. The tolerance of PenicUUum sp. and CaTidida 
pseudotropicalis to low oxygen tensions was marked. 

Total mold count and fat acidity did not show parallel trends with varia¬ 
tions in the conditions of storage, and a low but significant correlation, 
r « 4-0.20, was obtained. The relation is apparently influenced by the 
kind of mold and the length of time of development. The highest fat acidity 
was found at 40°C. and coincided with the highest count of Aspergillus 
flavuSf although there was a higher total mold count at 25°C. 

Com deterioration could not be estimated accurately by measurement 
of any one of the biochemical changes which were studied, but the decrease 
in non-reducing sugar content was the best single index. The values 
varied from zero to 174 mg. of sucrose per 10 g. of corn and bore a straight- 
line relation to relative humidity and to the logarithms of the mold counts 
for the corresponding samples. 

Several workers have presented evidence which indicates that 
microflora are primarily responsible for the respiratory activity and 
deterioration of grains and oil seeds when they are stored at moisture 
contents above that which is in equilibrium with a relative humidity of 
approximately 75% (11, 14, 18, 21, 24, 25, 27, 28, 30-33, 38). On the 
other hand, Altschul el al. (1, 17, 19) contend that so far as cotton¬ 
seed is concerned, the enzymic activities of the seed are of primary 
importance. 

In addition to the water activity of the substrate, its previous 
history, amount of impurities present, the temperature, degree of 
aeration, and duration of storage influence the growth of molds (3-5, 
23, 34). The degree of natural microfloral infection prior to storage 
has been shown to be of little importance (10). 

Of the various chemical changes that occur during deterioration, 
the increase in fat acidity has been stressed by Zeleny (40, 41). Nagel 
and Semeniuk (27) demonstrated that sterilized shelled corn which was 
inoculated with each of nine fungi and held at about 32% moisture 
showed considerable increases in fat acidity. Further, other bio¬ 
chemical changes were noted which roughly paralleled those observed 
in corn which had deteriorated in storage. The use of sterilized grain 
in studying the role of molds in seed deterioration suffers from the fact 
that saprobic organisms grow on it more readily than they do on 
viable seeds (37) as well as from the elimination of the natural competi¬ 
tion that exists between mold species and also from the inactivation of 
the enzymes of the seeds themselves. 

Since attempts to preserve damp wheat and corn by storing in air¬ 
tight containers (6, 8, 20, 26) or by chemical treatment (10, 16, 22) 
have not proved successful, it appeared advisable to study further the 
conditions which govern the succession of, and competition between, 
fungi on stored com together with the concomitant biochemical 
changes. This consideration prompted the present studies in which 



July. 19S0 BOTTOMLEY, CHRISTENSEN, AND GEDDES 273 

the effect of variations in temperature, moisture content of the gratin, 
and the atmospheric composition during storage upon the external and 
internal mold flora of the corn was determined in a factorially designed 
experiment. The corn, conditioned to moisture contents of 17.4, 18.8, 
20.7, 23.6, 27.0, and 31.2% (dry basis) in equilibrium with relative 
humidities of 75, 80, 85, 90, 95, and 100%, respectively, was held at 
temperatures of 25, 30, 35, 40, and 45®C. under each of various at¬ 
mospheres. The atmospheres ranged from air (21% oxygen) to one 
containing 20% carbon dioxide, 80% nitrogen and a trace of oxygen 
(0.1%), the oxygen being reduced and the carbon dioxide increased 
simultaneously in 5% increments. Several biochemical changes were 
followed, namely, changes in viability, fat acidity, total and water 
soluble nitrogen, reducing and non-reducing sugars, pH, and loss of 
dry matter of the stored corn. 

Materials and Methods 

A composite sample of No. 1 grade yellow dent corn with 86% 
viability was selected. It was found to have 34% of the kernels 
internally infected with the molds Fusarium sp., PenicilUum sp., and 
Aspergillus glaucus in approximately equal numbers. The total molds 
amounted to 12,000 per g. 

A large water bath (5'-9" X l'-8" X l'-4" deep with automatic 
temperature control and a circulating pump) was fitted with manifolds 
so that each gas could be delivered to, and removed from, the in¬ 
dividual samples without using a multiplicity of connecting tubes. A 
continuous flow of the prepared gaseous mixtures through the humidi¬ 
fying solutions (12) and samples was controlled by means of a reducing 
valve and a screw-clamp inserted between the manifold and each of the 
samples. The rate of flow was measured by a calibrated flow meter. 

Four prepared gaseous mixtures were obtained® in cylinders con¬ 
taining 165 cu. ft. of gas under a pressure of 2,000 lb. per sq. in. Each 
gas was analyzed for its oxygen and carbon dioxide content and it was 
found that the nitrogen-carbon dioxide mixture contained 0.38% 
oxygen. By passing this mixture through an acid chromous sulphate 
solution as described by Stone (35) and Stone and Beeson (36), the 
oxygen content was kept to a maximum of 0.1% and only a slight re¬ 
duction was observed in the percentage of carbon dioxide present. 
The average analytical .values for the oxygen and carbon dioxide con¬ 
tent of the gases used in the experiment are shown below. 

The laboratory compressed air that was used was passed through a 
cotton filter and a calcium chloride drying tower before it was humidified. 


‘ Ohio Chemical aiid Manufacturing Company, Clevelaiid, Ohio. 



274 


FACTORS AFFECTING MOLD IN STORED CORN 


Vol 27 


Gas Composition by Volume 


Gas 

Ox>sen 

Carbon Dioxide 

Nitrogen 
(by difference) 


% 

% 

% 

I 

14.42 

4.83 

80.75 

II 

9.90 

10.12 

79.98 

III 

4.88 

15.66 

79.46 

IV 

0.10 

21.33 

78.57 

Air 

20.95 

0 01 

79.04 


Each gas was brought to each of 75, 80, 85, 90, 95, and 99-100% 
relative humidity by bubbling through sulphuric acid solutions oi 
appropriate density as determined by extrapolation of the data given 
by Wilson (39). 

Chemical Analyses, Unless otherwise stated, all analyses were 
performed upon a sample of air-dried corn ground in a Wiley mill so as 
to pass a 0.5 mm. screen. To prevent contamination of one sample by 
another, the Wiley mill was carefully cleaned between each sample and 
the first portion ground was discarded. 

The moisture content of the corn was determined using the 130°C., 
1 hour, air-oven method described in Cereal Laboratory Methods (2). 
When the moisture content was above 17% (dry basis) the two-stage 
procedure was followed, the corn being air-dried before grinding. The 
moisture contents have been expressed on a dry-basis thus enabling the 
actual changes in water content to be observed readily. 

Water-soluble nitrogen was determined by extracting a 3.0 g. 
sample with 100 ml. of toluol-saturated water for 16 hr. at room 
temperature. The extraction flasks were vigorously shaken at the 
beginning and at 30 min. before the end of this period, the suspension 
filtered and nitrogen determined in a 75.0 ml. aliquot by the Kjeldahl 
method (2). The total nitrogen was determined directly on the 
ground corn using a l.O g. sample. 

Fat acidity was determined according to the method given in 
Cereal Laboratory Methods (2). Care was taken to measure the fat 
acidity within 2 hr. of grinding the samples, which in the interim, were 
kept at 4®C. 

Reducing and non-reducing sugars were estimated according to the 
procedure given in Cereal Laboratory Methods (2) for flour analysis. 
The expression of the results as maltose and sucrose respectively does 
not infer that these are necessarily the sugars present in the corn. 

The pH of the samples was determined by shaking 1.0 g. of the 
ground meal with 10.0 ml. of freshly redistilled water, allowing to stand 
for 30 min., decanting and determining the pH of this supernatant 
liquor with a glass electrode. 
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Seed Vmhility, Internal Infection, and Mold Count. The percentage 
viability and the extent of internal infection were determined on SO 
seeds which had been surface-disinfected by washing in a 1.5% solution 
of sodium hypochlorite for 2 min., placed on agar in petri dishes and 
allowed to stand for 5 to 7 days. The percentage viability of the seed 
determined in this manner, agreed closely with that reported by the 
Minnesota State Seed Testing Laboratory. 

The mold count was determined according to the method described 
b> Christensen (9). It is essentially a measure of the number of viable 
spores. The writers recognize that under some circumstances fungi 
may grow vigorously without sporulating. 

Gas Analysis. To ensure that the various gases were passed 
through the samples at a rate such that the respiration had a negligible 
effect upon gas composition, frequent gas analyses were necessary. 
Samples were taken from the effluent manifold and the carbon dioxide 
and oxygen content were determined with a Haldane-Henderson gas 
apparatus as described by Peters and Van Slyke (29), 

Experimental Procedure. Six 900 g. lots of corn were each brought 
to the required moisture contents by adding the necessary amount of 
water, the additions being accompanied by thorough shaking of the 
sample. For those samples requiring more than SO ml. of water, the 
additions were made in two lots with a 2 hr. interval between them. 
The corn was then held in closed containers for 24 hr. at 4®C. 

The samples were then removed, allowed to come to room tempera¬ 
ture, thoroughly mixed, and from each, subsamples were weighed out so 
as to give five lots of approximately 125 g. of dry matter. At this 
stage, a 10 g. sample was removed for a moisture determination as a 
check on the conditioning treatment. 

The samples were contained in bottles of approximately 300 ml. 
capacity, closed with wired-in two-hole rubber stoppers each fitted 
with an outlet-tube and an inlet-tube reaching practically to the bottom 
of the sample. Immediately after connecting the sample bottles to 
their respective humidifying solutions (12) and to the outlet manifold, 
the gases were passed through at a rapid rate for 30 min. to displace all 
air. The rate of flow was then reduced to the minimum necessary to 
maintain a constant composition as determined by periodic analysis of 
the effluent gas. 

For each temperature, 30 corn samples were tested, i.e., samples at 
each of six humidities for each of the five gases. The order in which 
the different temperatures were employed was determined by random 
selection. 

Each trial lasted for 12 days. During this time the samples were 
inspected regularly and the appearance and extent of mold growth 
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noted. Whenever the corn appeared to be ''packing/’ the sample 
bottle was shaken vigorously so that channeling of the incoming gas 
would be avoided so far as was possible. 

At the conclusion of the trial, the samples were removed from the 
water-bath, transferred to tared new paper bags,® and weighed. 
Enough corn (about 35 g.) was removed for viability and internal infec¬ 
tion tests and the weighed remainder was air-dried at room temperature 
for 2 to 3 days. Drying was assisted by means of a 12 in. diameter 
fan. After noting the air-dry weights, analyses were made as de¬ 
scribed earlier and all results were calculated on a moisture-free basis. 

Analysis of Experimental Data. The analysis of a total of ISO 
samples yielded ten sets of data (mold population, germination, in¬ 
ternal infection, fat acidity, total and water-soluble nitrogen, reducing 
and non-reducing sugars, pH, and loss of dry matter). These, with the 
exception of the results for germination and extent of internal infec¬ 
tion, were subjected to analyses of variance (13, IS). 

To study the significance of the difference between mean values for 
any one variable over all conditions of the other variables employed, 
a different error variance was used for each main effect (temperature, 
atmospheric composition, and relative humidity). For example, to 
obtain the error variance ("Emt**) to test the significance of the differ¬ 
ence due to temperature (over all humidities and atmospheres), the 
sums of squares for the interactions involving temperature were added 
to that for the second order interaction. Then, by allowing for the 
degrees of freedom involved, the mean square was obtained for "Emt.” 
From this value the standard error was calculated and by applying the 
"t*’ test the difference required for significance between mean values 
at different temperatures was obtained at the 5% and 1% point. The 
value "Emt” was also used to test the significance of the main tempera¬ 
ture effect since it was a more severe test than the use of the second 
order interaction. Similarly, the interactions involving atmosphere 
and humidity were used in conjunction with the second order interac¬ 
tion to calculate the error variances ("Ema” and "Emh”) to be applied 
to the mean values for atmosphere and humidity and for the main 
effects, atrtiosphere and humidity, respectively. The second order 
interaction was used as error to measure the significance of the first 
order interactions. Several of the significant interactions have been 
graphed and included in the text. It should be remembered that each 
point in the temperature-atmosphere interaction graphs represents the 
mean of six values, while in the other interaction graphs each point rep¬ 
resents the mean of five values. 


« Tests proved that these bags were free from molds. 
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The CO- variance of mold population and fat values was determined 
both for the total variation and its several components. 

Results 

The analyses of variance are summarized in Table F whereas the 
mean values for the analytical data obtained on corn stored under 
various temperatures, atmospheres, and relative humidities, together 
with the differences required for significance are given in Tables II, 
III, and IV, respectively. 

Mold Count, In general, the mold count increased with increasing 
relative humidity and decreased as the oxygen content of the at- 

TABLE I 

The Effects of Variations in Temperature, Atmospheric Composition, and 
Humidity on Stored Corn Analysis of Variance 


Mean Squares 


Source of Variation 


Temperature (T) 
Atmosphere (A) 
Humidity (H) 

T XA 
7 XII 
A XH 
Error (E) 

Total 


Molds 
X 10-Vg. 



6.462 

0.0022 

1,765 

1,813 

2,593 

0.0005 

0.0005 

0.0005 



583 398 2.12 

280 247 1.42 

496 359 2.58 


1 Milligrams of jwtassium hydroxide per 100 g. com, dry basis. 
»As milligrams of maltose per 10 g. com, dry basis. 

* As milligrams ot sucrose per 10 g. corn, dry basis. 


mosphere was lowered and as fhe temperature was raised from 2S“C. to 
30®C. or higher increment!, Variations in relative humidity had the 
greatest effect, the mold count increasing more than 300 fold with an 
increase in the relative humidity from 75% to 100%.! The highest 
mold count, 121,000,000 per g., was encountered in the sample stored 
under air at 100% relative humidity and 2S®C,^ There was a signifi¬ 
cant interaction between atmosphere and humidity which was mainly 
due to the low mold counts obtained in the absence of oxygen (Fig. 1). 

7 The pH data axe not shown because the Tariations obtained were coxuidered of little practical 
importance. The maximum range in pH encountered wsu from 6.6 to 5.8 umte, but there were no well 
defined trends. The maximum difference in the mean pH values obtamed with the various treatments 
was 0.2 u^ts. 
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TABLE II 

^■The Effect of Variations in Temperature upon Stored Corn, 
Mean Values for Analytical Data^ 


Temperature 

Molds 

X 10-Vg. 

Fat2 

Acidity 

Total 

Nitrogen 

Water-sol. 

Nitrogen 

Reducing 

Sugars* 

Non-red. 

Sugars^ 

Loss in 
Dry Matter 

®C. 



% 

% 



% 

25 

7,350 

57.6 

1.46 


57.4 

94.0 

0.72 

30 

1,447 

60.5 

1.51 

Bor 

68.3 

101.8 

0.82 

35 

1,889 

93.5 

1.44 

0.200 

77.7 

80.6 

1.54 

40 

2.121 

112.1 

1.53 

0.227 

94.6 

82.3 

2.46 

45 

1,196 

51.1 

1.52 

0.182 

84.8 

64.1 

1.23 


Difference required for significance 


5% Point 
i% Point 

4,552 

WSM 

0.012 



■a 

0.74 

6,028 


0.016 


a 

mm 

0.99 


*The values are the means for 30 samples stored at each temperature for 12 daj-s; that is, for 
samples stored at each of six relative humidities (75 to 100%) and five atmospheres (0.1 to 21% oxygen). 

2 Milligrams of potassium hydroxide per 100 g. com, dry basis. 

3 As milligrams of maltose per 10 g. com, dry basis. 

* As milligrams of sucrose per 10 g. corn, dr>' basis. 


The times taken for mold growth to become visible to the naked eye 
are shown in Table V. Samples stored under the least favorable condi¬ 
tions for mold growth showed no visible molds at 12 days when the 
test was concluded, yet mold assays in many instances gave appreciable 
counts; for example, samples stored at 4S®C. and 75 to 85% relative 
humidity, which appeared bright and normal, gave mold counts up to 
218,000 per gram. 

TABLE III 

The Effect of Variations in Atmospheric Composition upon Stored Corn, 
Mean Values for Analytical Data^ 


Atmosphere 

Oxygen 

Molds 

X 10->/g. 

Fat* 

Acidity 

Total 

Nitrogen 

Water-sol. 

Nitrogen 

Reducing 

Sugars* 

Non-red. 

Sugars* 

Loss in 
Dry Matter 

% 



% 

% 



% 

21 

7,619 

81.9 


0.226 

78.3 

80.1 

2.04 

15 

3,221 

98.4 

IS iH 

0.211 

81.1 

79.3 

1.43 

10 

1,982 

88,1 


0.216 

73.9 

82.7 

1.56 

5 i 

i;n7 

84.0 


0.199 

70.9 

82.9 

1.16 

0 1 

1 

65 

22,4 

1.48 

0.187 

78.9 

97.8 

0.54 


Difference required for significance 


5% point 

4,861 

21.8 



8.5 

8.0 

0.61 

1% point 

6,432 

28.9 



11.3 

10.6 

0.81 


^ The values are the means for 30 samples stored under each atmosphere for 12 daj*s; that is. for 
samples stored at each of five temperatures (25®-4S®C.) and six relative humidities (75 to 100%). 

* Milligrams of potassium hydroxide per 100 g. com, dry basis. 

* As xiulligrams of maltose per 10 g. com, dry basis. 

^ As milligrams of sucrose per 10 g. com, dry basis. 
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y TABLE IV 

The Effect of Variations in Relative Humidity upon Stored Corn, Mean 
Values for Analytical Data^ 


Relative 

Humidity 

Molds 

X lO'Vg. 

Fat 

Acidity* 

Total 

Nitrogen 

Water-sol. 

Nitrogen 

Reducing 

Sugars* 

Non-red. 

Sugars* 

Loss in 
Dry Matter 

% 

75 

36 

23.4 

1.47 

% 

0.180 

58.4 

143.0 


80 

59 

24.1 

1.47 

0.180 

68.4 

127.0 

0.30 

85 

409 

35.6 

1,48 

0.180 

74.1 



90 

1,008 

71.4 

1.49 

0.188 

72.9 

71.7 

0.72 

95 

3,843 

143.6 


0.217 

77.0 

39.6 

1.58 

100 

11,445 

151.6 

1.54 

0.300 


16.3 

4.93 


Difference required for significance 


5% point 

5,491 

26.1 


0.024 

12.5 

10.6 

0.90 

1% ix)int 

7,266 

34.5 



16.5 

14.0 

1.19 


1 The values are the means for 25 samples stored at each relative humidity for 12 days; that is. for 
samples stored at each of five temperatures (25 to 4S°C.) and under five atmospheres (0.1% to 21% 
oxygen). 

* Milligrams of potassium hydroxide per 100 g. com, dry basis. 

3 As milligrams of maltose per 10 g. com, dry basis. 

«As milligrams of sucrose per 10 g. com, dry basis. 


The predominant flora noted during the mold assays at the end of 
the 12-day storage period are reported for each com sample in Table 
VI. No attempt was made to identify the various species of PenicUUum 
and Mucor that occurred and only one mold has been recorded if it 



RELATIVE HUMIDITY-% 

Fig. 1. Tlie effect of atmoaphere and relaUve humidity ou the mean mold »uiit Motted on a log¬ 
arithmic scale) of com stored for 12 days at five temperatures (25-4S'C.). 
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TABLE V 

Time in Days to First Visible Mold Growth 






Relative Humidity % 



Tempera¬ 

ture 

Atmos. 

IS 1 

80 1 85 1 90 1 95 1 

First visible mold growth—days 

100 

®C. 

25 



5 

1 

4 

3 

3 



— 

9 

' 6 

4 

3 

3 



— 

9 

i 6 

4 

3 

3 



— 

— 

7 

I 6 

3 

3 


0 

— 

— 


— 

10 

10 

30 

21 

_ 

9 

8 

3 

3 

3 


15 

— 

— 

8 

3 

3 

3 


10 

— 

— 

9 

3 

3 

3 


5 

— 

— 

9 

8 

4 

3 


0 

— 

— 


— 

— 

— 

35 

21 

_ 

4 


3 

3 

3 


15 

4 

4 


3 

3 i 

3 


10 

— 

9 


3 

3 

3 


5 

— 

9 


3 

3 

3 


0 

— 

_ 


3 

3 

3 

40** 

21 

_ 

_ 

7 

3 

■III 

3 


15 

— 

7-12 

7-12 

3-7 


3 


10 

— 

— 

7-12 

3-7 


3 


5 

— 

— 

7-12 

3-7 


3 


0 

— 

— 

— 

— 

WM 

1* 

45 

21 

_ 

_ 

9 

6 

2 

1 


15 

— 

— 

— 

6 

• 2 

2 


10 

— 

— 

— 

2 

2 

2 


5 

— 

— 

— 

6 

2 

2 


0 

— 

— 

— 

— 

1» 

1* 


* Grains dibcolored and sour. 

** During this experiment visual examination of the samples was made only on 1, 3, 7, and 12 days. 


amounted to 90% or more of the total flora. Although each corn sample 
usually carried a diverse mold flora, one species which changed with the 
storage conditions usually predominated. /At 2S®C., Penicillium sp. was 
in the majority although Aspergillus glaucus predominated in the 
samples stored at 85% relative humidity >ln atmospheres containing 
5 to 15% oxygen and a yeast-like mold, Candida pseudolropicalis sp. was 
the most prevalent in the absence of oxygen at relative humidities of 
90% and higher. At 30°C., the predominant mold was Aspergillus 
jlavus although in air, Penicillium sp. was the principal mold at 75% 
relative humidity, yielding in turn to A. glaucus and A. flavus as the 
humidity was increased. At 35®C., A, glaucus was the principal mold 
in samples stored at 80 to 90% relative humidity while A. flavus pre¬ 
dominated at higher humidities. ^ At 40®C., A . jlavus flourished at both 
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Relative Humiditv —% 

100 

A.fl. 99 (M.) 

A.fl. 99 (M.) 

A.fl. 90 

A.fl. 80, M. 15 

A.fl. 80, A.n. 10 
(M.) 

P. 80, M. 20 

P. 85, A.gl. 10 

RI. 55, P. 45 

P. 99 

M. 40, P. 45, 

Asp. 15 

U1 

A.fl. 99 (M.) 

A.fl. 99 (M.) 

A.fl. 85 

A.fl. 75, M. 20, 
A.n. 5. 

A.fl. 65, M. 25 
(A.gl.) 

M. 75, P. 20 

M. 90 

M. 99 

M. 90, P. 10 

M. 25, P. 55 

g 

S 2 3 

Q3 « cn 

< < < 

in 

os 00 

’So 

<<<<■ < 

M. 50, P. 50 

M. 95, A. ter. 5 

M. 85 (P., Asp.) 

M. 75, A.ter. 15 

M 15, P. 45, 

A.fl. 35 

-s- 

U) 

00 

A.gL 99 

A.gl. 99 

A.gl. 99 

A.gl. 95 

A.gl. 90 (A.fl., 
A.n.) 

A.ter. 45, M. 30 
(P.. A.gl.) 

P. 50, A.gl. 50 

M. 70, P. 30 

M. 45, P. 45, 

A.fl.10 

M. 35, P. 35, 

A.fl. 20 

s 

A.gl. 90, A.fl. 10 
A.gl. 99 

A.gl. 25, P. 75 

A.gl. 95 

A.gl. 70, A.fl. 25 

- 

Q O 
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low and high humidities, but A. glattcus was dominant at 80 to 90% 
relative humidity, inclusive. At 45°C., the incidence of A. flams and 
A, glaucus was considerably reduced, Mucor sp. and Penicillium sp. 
taking their place. 

It must be emphasized that the mold studies were made at the end 
of the 12-day storage period. The relative preponderance of the 
various species probably changed throughout the trial and mold 
assays made only at the end of the period may be of limited value in > 
estimating the numbers and kinds of molds in relation to the deteriora¬ 
tion which has occurred in the grain. 

Internal Infection of the Corn. The effects of variations in tempera¬ 
ture, atmosphere, and relative humidity on the percentage of corn 
kernels which were internally infected with molds are shown in Table 
VII. The nature of the predominant internal flora is recorded in 


TABLE VII 

Percentage of Corn Kernels Showing Internal Infection with Molds 
Following Storage for 12 Days under Various Conditions^ 


Temperature, ®C. 

Mean internal infection, % 

25 

36.1 

30 

40.7 

35 

38.7 

40 

36.7 

45 

35.0 


Atmosphere—oxygen, % 

Mean internal infection, % 

21 

46.3 

IS 

41.9 

10 

37.7 

5 

42.8 

0 

17.7 


Relative humidity, % 

Mean internal infection, % 

75 

1.8 

80 

4.9 

85 

14.6 

90 

35.2 

95 

81.7 

100 

86.3 


^ The values for internal infection recorded for each temperature, atmosphere, and relative humid¬ 
ity, respectively, are means for all conditions of the other two variables. For example, the data for each 
temi>erature are the means lor 30 samples (five atmospheres at each of six relative humidities). 


Table VIII. The results approximately parallel those obtained for 
total mold count. 

Corn VioMliiy. The viability of the corn was adversely aflf^ected by 
all storage conditions^ but variations in oxygen concentration had less 
effect that increases in temperature or relative humidity (Table IX). 
Few samples stored at 100% relative humidity or at 45®C. were viable. 
The least reduction in germination occurred in the sample stored at 
30“C. under 75% relative humidity and “zero” oxygen content for 
which a viability of 60% (a decrease of 26%) was recorded. 

Fat Acidity. Variations in the relative humidity of the storage 
atmosphere had a greater effect on fat acidity formation than differ¬ 
ences in temperature or oxygen concentration (Tables II, III, and IV). 
Fat acidity increased from a minimum value of 23.4 to a maximum of 
151.6 as the relative humidity increased from 75 to 100% (Table II). 
The mean value obtained at 100% relative humidity was only a little 
greater than that found at 95%. In some instances a fat acidity value 




















TABLE VIII 

The Predominant Molds Comprising the Internal Infection of Corn for 12 Days 
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TABLE IX 

The \’’tABiLiTY OF Corn Following Storage for 12 Days Under Various 

Conditions^ 


Temperature, °C. 

Mean viability, % 

25 

30 

35 

40 

45 


20.1 

18.9 

9.8 

6.0 

0.3 


Atmosphere—oxygen, % 

21 

15 

10 

5 

0 


Mean viability, % 

7.8 

9.8 

10.4 

11.4 

14.6 


Relative humidity, % 

75 

80 

85 

90 

95 

100 

Mean viability, % 

27.0 

18.4 

11.3 

6.8 

2.2 

0.6 


I The viability values recorded for each temperature, atmosphere, and relative humidity, respec¬ 
tively, are m^uis for all conditions of the other two variables. For example, the data for each tempera¬ 
ture are the mean viabilities for 30 samples (five atmospheies at each of six relative humidities). 

The control sample showed 86% germination and only fell to 82.5% after several monthi 
at 4‘»C. 

was noted which was lower at 100% than at 95% relative humidity, 
although the samples had been held under the same conditions of 
temperature and atmosphere. 

As the temperature increased from 25® to 40®C., there was a rise in 
fat acidity from 57.6 to 112.1, followed by a decrease to 51.1 at 45®C. 

Decreasing the oxygen content from 21 to 5% produced no signifi¬ 
cant changes in mean fat acidity values. However, with 0.1% oxygen 
there was a highly significant reduction in fat acidity as compared with 
any of the other values. 

The interactions of temperature X atmosphere, temperature 
X humidity, and atmosphere X humidity on fat acidity are illustrated 
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RELATIVE HUMIDITY -% 

Fig. 3, The effect of temperature and relative humidity on the mean iat acidity of com stored 
for 12 days under five atmospheres (0.1 to 21% oxygen). Fat acidity is expressed as mg. of potassium 
hydroxide per 100 g. of com (dry basis). 



RELATIVE HUMIDITY -% 

Fig. 4. The effect of atmosphere and relative humidity on the mean fat acidity of com stored for 
12 days at five temperatures (25~45^C.). Fat acidity is expressed^as mg. of potassium hydtoxide per 
100 g. of com (dry basis). 
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ill Figs. 2, 3, and 4. The interaction of temperature X atmosphere is 
largely due to the fact that at 40®C., the maximum acidity was re¬ 
corded in S% oxygen while for all other temperatures the maxima were 
reached in 15% oxygen. 

The interaction of temperature X humidity upon fat acidity is due 
largely to the much greater increases in fat acidity with increases in 
humidity from 80 to 95% at 35° and 40°C. than at other temperatures. 
A marked decrease in fat acidity with increase in humidity from 95 to 
100% was noted at 35°C. 

The anomalies in the curves from 25°C. shown in Figs. 2 and 3 
may be associated with the large populations of Penicillium which pre¬ 
dominated only at this temperature. 

Figure 4 shows that fat acidity was uninfluenced by increasing the 
relative humidity unless oxygen was present. In the presence of 
various concentrations of oxygen, the increases in fat acidity with in¬ 
creasing humidity were quite uniform except that in air (21% oxygen), 
the maximum value was recorded at 95% relative humidity. 

The correlations between the mold counts and fat acidity values 
obtained by an analyses of covariance are as follows: 


Compoiu nl 

r 

Expected t 
at 5% pomt 

Temperature (T) 

-0.23 

0.95 

Atmosphere (A) 

+0.46 

0.95 

Humidit>' (II) 

+0.85 

0.88 

TXA 

-0 03 

0.49 

TXH 

-0 26 

0.44 

AXH 

+0 01 

0.44 

Error 

+0 05 

0.22 

Total 

+0.20 

0.16 


A significant, but low, positive over-all correlation existed between 
mold count and fat acidity. None of the several components showed a 
significant correlation, though that for humidity closely approached the 
level required for significance at the 5% point. 

Total and Water-Soluble Nitrogen Content, The total and water- 
soluble nitrogen contents of stored corn were influenced by variations 
in the atmosphere, temperature, and relative humidity and the first 
order interactions were all ^nificant. However, the changes were of 
a low order of magnitude. *For example, an increase from 75 to 100% 
relative humidity was associated with an increase in the mean total 
nitrogen content from 1.47 to 1.54% and in water-soluble nitrogen 
from 0.18 to 0.30%. Changes in the atmospheric composition or 
temperature had even smaller effects. 

j Reducing Sugars. The reducing sugar content of the com was 
markedly influenced by variations in the temperature and relative 
humidity of the storage atmosphere but not by changes in atmospheric 
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composition (Table I). The maltose values increased with increases 
in temperature between 25® to 40®C. and also as the humidity’ was 
raised, the maximum value being obtained for 100% relative humidity 
(Tables II, IV). 

The first order interactions were all highly significant. That for 
temperature and atmosphere was derived largely from the abnormally 
high reducing sugar content ot corn stored under 15% oxygen at 40®C. 
and of the corn stored under a nearly oxygen-free atmosphere at 
45®C. These results are not entirely in harmony with the mold data 
and the question arises whether the reducing sugar values are a good 
index of the total metabolic activity of a changing mold flora. 

* The interaction of temperature X humidity was due principally to 
the abnormally high reducing sugar values for the corn stored at 100% 
relative humidity at temperatures of 35° and 40°C. As Aspergillus 
ftavus was the predominant mold present under these conditions, these 
high maltose values were associated with the presence of a mold 
known to form a-amylase (7) and with conditions which favor its 
activity.^ 

The interaction of atmosphere X humidity upon the reducing sugar 
values of the stored corn was due largely to greater increases in the 
reducing sugar content of the samples stored under 15 and 21% oxygen 
when the relative humidity was increased from 95 to 100% than was 
the case for the samples stored under lower oxygen levels. 

Non-Reducing Sugars, High values for non-reducing sugars indi¬ 
cate the presence of low enzyme activity and vice versa. This is the 
opposite of the case with the reducing sugars which have just been 
discussed. The maximum disappearance of non-reducing sugars at 
different temperatures occurred at 45°C. at which the lowest mean 
mold population was found. There is the possibility that the Mucor 
noted at this temperature was more active in secreting invertase than 
the species of molds which were predominant at lower temperatures. 
On the other hand, the low non-reducing sugar content may be related 
to bacterial activity at the higher relative humidities or to an increase 
in invertase activity with increase in temperature. Further investiga¬ 
tion is necessary to provide an interpretation of these results. 

Variation in atmosphere had little effect upon the quantity of non¬ 
reducing sugars found in the stored com except when the oxygen 
content was lowered to 0% (Table III). At this level, the non¬ 
reducing sugars significantly exceeded the amounts at all of the other 
concentrations (Table III). The major difference between atmospheres 
in their effect upon the disappearance of non-reducing sugars occurred 
at 25°C. when the range in mean values was from 77.8 to 128.2 mg. 
per 10 g. of com. 
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100^ REL. HUMIDITY-% -*75 



Fig. S. The relation between mold count (plotted on a logarithmic scale) and non-reducing sugar 
content of com stored under relative humidities of from 75 to 100%. Each point represents the mean 
of 25 values; that is, for com samples stored at each of five temperatures (25-45®C.) and five atmos¬ 
pheres (0-21% oxygen). Non-reducing sugars are expressed as mg. sucrose/lO g. com, dry basis. 



RELATIVE HUMIDITY-% 

. Fig. 6. The effect of temperature and relative humidity on the mean non-reducing sugar content 
of com stored 12 days under five atmospheres (0.1-21% oxygen), Non-reduong sugars are expressed 
as mg. sucrose/10 g. com, dry basis. 
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An almost linear decrease in mean non-reducing sugars from 143.0 
to 16.3 mg./lO g. corn was observed with increase in relative humidity 
from 75 to 100% {Tkhle IV). 

When these values were plotted against the logarithms of the mold 
contents for the same relative humidities, the straight line shown in 
Fig. 5 was obtained. 

The relations between non-reducing sugars and relative humidity 
for the various temperatures are shown in Fig. 6. The interaction of 
temperature X humidity is chiefly a result of the smaller decrease in 
non-reducing sugar content at 2S®C. with an increase in relative 
humidity as compared with the other temperatures. 



Fig. 7. The effect ot temperature and relative humidity on the mean lots in weight of corn btored loi 
12 days under five atmospheres (0.1-21% oxygen). 

Loss of Dry Matter in Stored Corn. Of the various conditions 
imposed upon the stored corn, changes in relative humidity had the 
greatest effect upon the loss of dry matter; the minimum loss of 0.28% 
occurred at 75% and the maximum 4.93% at 100% relative humidity 
(Table IV). As the temperature was raised from 25° to 40°C. there 
was a significant and progressive increase in the mean loss followed by 
a significant decrease when the temperature was further raised to 
45°C (Table II). Variations in atmospheric composition caused 
smaller changes in mean loss than did variations in temperature 
(Table II). The maximum loss occurred when the corn was stored 
under air and the minimum under anaerobic conditions. 
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The highly significant relationships between loss of dry matter and 
relative humidity over the various storage temperatures and at¬ 
mospheres are shown in Figs. 7 and 8, respectively. 

Below 90% relative humidity, the effect of increasing the tempera¬ 
ture from 25® to 4S®C. was not marked. Above this relative humidity, 
and particularly at 95 and 100%, the effect of higher temperature was 
reflected by greater losses of dry matter. The loss sustained at 40®C. 
was.very much larger than that occurring at the other temperatures. 

Similarly, below a relative humidity of 90% the effects of varia¬ 
tions in atmosphere or humidity upon loss of dry matter were not 
pronounced (Fig. 8). Above this humidity the dry matter losses 
became greater as the humidity was raised and the oxygen content of 
the storage atmosphere was increased. The maximum loss in dry 

OXYGEN.% 



RELATIVE HUMIDITY -% 

Fig 8 The effect of atmosphere and relative humidity on the mean loss m weight of com stored 
12 days at fi\e temperatures (25 to 45®C ). 

matter occurred in the sample stored under air of a relative humidity 
of 100% at a temperature of 40'’C. 

The loss in dry matter experienced in the stored corn is a result of 
seed respiration and/or metabolism and respiration of the molds. 
Actual germination of the corn was only observed in a few seeds of 
one sample, namely that stored under air at 30*C. and 100% relative 
humidity. Seed respiration could not account for the losses noted (up 
to 2.5%) in samples stored anaerobically, since Milner and Geddes 
(23) have shown seed respiration to be negligible under this condition. 
While increases in temperature and in the oxygen content of the at¬ 
mosphere tended to increase the loss in weight and the mold popula¬ 
tion, a plot of the data indicated that there was little correlation be¬ 
tween the two factors. This is not surprising in view of the differences 
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reported by Nagel and Semeniuk (27) in the ability of various molds 
to decompose organic matter. However, the maximum mean loss in 
dry matter did occur at 40°C., the temperature which supported the 
maximum growth of Aspergillus flavuSf a mold known to be highly 
active in decomposing corn. 

Discussion 

This factorial experiment was designed to give the naturally- 
occurring microflora on No. 1 grade yellow corn an unhindered op¬ 
portunity for development under conditions of temperature and 
atmosphere which could occur during commercial storage. To 
evaluate the role of molds in the deterioration of the grain, levels of 
moisture were employed which were above those permitted in No. 1 
grade corn. It may safely be assumed that the deterioration which 
followed would have been equalled, if not exceeded, in corn of naturally 
high moisture content. 

The development of the naturally-occurring microflora of corn is 
dependent not only on the availability of moisture, but also on tem¬ 
perature and on atmospheric conditions. Thus, corn in equilibrium 
with a relative humidity of 80%, and over all the conditions of at¬ 
mosphere employed, supported predominately Penicillium sp. at 25®C., 
Aspergillus flavtis at 30®C., and A. glaucus at 35®C. Temperatures of 
40 and 4S®C. limited mold development, but at 45®C. Mucor sp. was, 
in general, predominant. 

Essentially anaerobic conditions (about 0.1% oxygen), though 
greatly reducing mold development at temperatures above 25®C., 
failed to prevent mold growth with consequent corn deterioration at 
these temperatures. The tolerance of some molds, especially Penicil¬ 
lium sp. and Candida pseudotropicalis to these conditions was marked 
and indicates the impracticability of storing high-moisture grain under 
hermetically-sealed, anaerobic conditions. 

Although a significant, positive correlation (r = 4*0.20) was ob¬ 
tained between mold count and fat acidity, it was too low to be of 
practical value. Reports in the literature, including previous studies 
from these laboratories, have almost invariably shown that factors 
which favor an increase in mold population also result in a rather 
parallel increase in fat acidity. In fact, fat acidity has been regarded 
as the most valuable single index of the “commercial condition” of 
grain (42). The question naturally arises whether the poor correla¬ 
tion obtained in the present study represents the true existing relation 
or whether it is the result of failure of the experimental techniques to 
provide a reliable measure of the numbers or metabolic activities of 
the molds under the widely varying experimental conditions to which 
the com was subjected. 
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The plates made to determine the extent of mold contamination 
actually only yield counts of the mold spores which germinated to 
produce individual colonies and of fragments of mycelium which pro¬ 
duced individual colonies. Although the number of viable spores may 
serve as a rough criterion of the extent of mold growth as a whole, it is 
well-known that with some molds certain conditions which favor 
mycelial development do not favor sporulation. Moreover, the mold 
assays were made at the end of the 12-day trial and complex ecological 
changes in the mold flora probably occurred under some of the storage 
conditions. Different species of molds are known to differ greatly in 
the amounts of lipase and other enzymes which they produce and in 
their ability to metabolize such products as fatty acids and maltose. 
Although limitations in the methods of measuring mold activity may 
be in part responsible for the poor relation found between mold count 
and lipase activity, further research may well reveal that fat acidity is 
of less value as an index of grain deterioration than has been commonly 
susposed. Samples of grain stored over various periods of time under 
conditions which favor the growth of different species of molds would 
hardly be expected to show a close association between fat acidity and 
the soundness of the grain. 

In the present study fat acidities were frequently lower in samples 
at 100% than at 95% relative humidity even though the mold counts 
and deterioration were greater at the higher humidity. In no instance 
of essentially anaerobic storage did the fat acidity exceed 40 notwith¬ 
standing mold counts of 765,000/g. and evident unsoundness of 
the grain. The low fat acidity may have been due to the low lipase 
production by the species of molds which were prevalent under the 
extremely low oxygen tension or to their utilization of the fatty acids 
which were produced. Further studies under controlled conditions 
of the metabolic activity of the principal molds involved in the de¬ 
terioration of stored seeds are needed. 

j The variations in the total nitrogen content of the stored corn are 
thought to be due to the removal of carbohydrates through seed or 
mold metabolism, the nitrogen content of the remainder increasing 
with increase in loss of dry matter. The trend in mean total nitrogen 
content for the different humidities used in the experiment parallels 
that for the loss in dry matter, both increasing as the humidity was 
raised.;; 

\The greatest changes in the content of water-soluble nitrogen were 
observed at 100% relative humidity at all temperatures. While it is 
suspected that alterations in this factor reflect the proteol 3 d:ic activity 
of the various molds there are some indications that factors other than 
mold growth may be involved. 
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The relatively slight changes occurring in the pH values demon¬ 
strate that this determination is of little value in the estimation of the 
soundness of corn. The buffer capacity of corn is sufficiently high to 
prevent drastic changes in acidity. 

»The estimation of the non-reducing sugar content was the best 
single index for determining the extent of deterioration which the corn 
suffered. In no instance was a low non-reducing sugar content found 
when the corn was but little damaged, as judged from all the other 
factors measured. The range in values was 174 to 0 mg. of sucrose 
per 10 g. of corn, which is sufficiently large to permit clear differentia¬ 
tion between various samples. The mean sucrose values showed an 
almost linear decrease with increase in relative humidity; they also 
bore a straight-line relationship with the logarithms of the correspond¬ 
ing mean mold populations. 

f 
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THE DECOMPOSITION OF POTASSIUM lODATE DURING 
THE BAKING OF BREAD ^ 

John B. Conn, C. M. Hollenbeck, Charles Rosenblum, and 

D. T. Woodbury 

ABSTRACT 

Potassium iodate containing radioactive iodine (P***; half-life 8.0 days) 
was used to determine the fate of iodate during the baking of bread. Bread 
samples baked from dough containing radioactive potassium iodate were 
extracted with ammoniacal methanol to recover iodate and iodide. Pro¬ 
tective carriers were added to facilitate the separation of these salts, and to 
minimize the extent of the side reactions of these components occurring 
during the extraction process. Iodide and iodate fractions, fat fractions, 
extracted bread solids, and oven gases were examined for radioactivity. 

Less than 7.5% of the original 3.5-4 p.p.m. iodate is left in the baked bread. 

The major decomposition product is iodide. 

The improving action of a small amount of potassium bromate was 
first reported by Kohman et al (5) in 1916. The use of potassium 
bromate in the maturing of flour and the improving of dough has since 
grown into widespread practice. Potassium bromate is supplemented 
with potassium iodate in certain instances for developing the optimum 
handling and baking qualities of dough. A combination of potassium 
bromate and iodate is used in the dough improver marketed under the 
trade- mark “Fermaloid’^ (8). 

Although the mode of action and fate of potassium bromate in the 
baking process has been exhaustively studied (3, 9, 10), little is 
known about the behavior of iodate under similar circumstances other 
than that it is more readily reducible than the bromate under certain 
conditions (11). The purpose of the experiments described below was 
to ascertain the fate of potassium iodate when added to bread dough as 
a dough conditioner during the baking process.^ The most likely 

1 Manuscript received November 25, 1949. 

Contribution from the Research Laboratories of Merck & Co., Inc. 

* This ^oblem was undertaken at the request of Dr. Charles N. Frey, Director of Scientific Rela- 
wns. Standard Brands Inc. Results reported herein were presented m evidence by one of the authors 
(C, R.) before the F.DA.. Bread Standards Hearings in Washington, D. C. on July 25, 1949. 
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decomposition product is potassium iodide, although other possible 
reactions may occur, such as iodination of fat, protein, and starch, or 
even volatilization of iodine. 

Standard analytical procedures are complicated by the fact that 
only Ciil.S mg. of iodate is normally employed per lb. of bread. The 
determination of 0.8--0.9 mg. of iodine in ~4S0 g. of foreign organic 
material and salts is, at best, uncertain. In this case, the difficulty 
was magnified by the necessity for identifying in an unequivocal 
manner the nature of the iodine bearing components. Actual iodi- 
metric analyses (7) of extracts from experimental loaves baked with 
potassium iodate failed to reveal the presence of residual iodate (cf. 
also ref. 11). The possibility existed, however, that residual iodate 
could be reduced during the extraction process prior to analysis. 
Thus, analyses of extracts from loaves baked without iodate but to 
which had been added known amounts of potassium iodide and iodate, 
failed to yield even approximately correct results because of uncertain 
and shifting endpoints. A further complication was the possibility of 
transformation of iodine-containing compounds in an extract by 
microorganisms introduced from the air, which would vitiate the 
interpretation of analytical data pertaining to such minute amounts of 
iodine. Finally, the presence of bromate in the flour or the yeast food 
would interfere with the determination of iodate. For these reasons, 
standard analytical procedures were abandoned in the solution of this 
problem. 

An unequivocal solution to the problem, and one which would 
greatly simplify the analytical difficulties, is possible by the use of 
potassium iodate prepared from radioactive iodine half-life 8,0 
days; designated below as I). By marking in so distinctive a fashion 
the iodine originally added to bread dough, the decomposition products 
of the iodate could be located and determined unquestionably by 
means of Geiger counter equipment for measuring the electron emission 
intensity of the Possible side reactions occurring during the 
extraction process and in the extraction medium, which might be very 
significant percentage-wise when minute quantities of iodine are 
involved, could be minimized or swamped out by the addition of large 
excesses of ordinary, non-radioactive, isotopic forms of salts such as 
iodide and iodate. Since the presence of stable isotopic forms does not 
affect the activity of the minute amounts of radioactive compounds, 
except for self-absorption effects for which corrections can be made, 
the stable forms serve as carriers or protectors for the radioactive com¬ 
pounds. Furthermore, because the total weight of material is so 
greatly increased by the addition of carriers, subsequent handling be¬ 
comes enormously simplified. By this carrier technique, it was 
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actually possible to separate the iodide and iodate fractions and to 
determine the radioactivity of each independently. 

Materials and Methods 

Radioactive Salts. Radioactive potassium iodide and potassium 
iodate were obtained from Tracerlab,® Inc., Boston, Massachusetts. 
Purity was investigated first by iodimetric titration (7). In both 
cases, iodine in the form of iodate and iodide was determined. No 
iodide was detected in the KIOs samples nor was iodate found in the KI 
preparations. Furthermore, emission spectrographic analysis re¬ 
vealed only traces of other metallic contaminants. The received 
from Oak Ridge was tested for isotopic purity by Tracerlab, Inc. 

Baking Experiments. The basic formula and procedure employed 
in baking the radioactive loaves were as follows: 


Ingredients and Procedure 

Sponge 

Dough 

Enriched flour 

240.0 g. 

160 g. 

Yeast 

8.5 g. 


Fermaloid (Special) 

2.0 g. 

— 

Water 

134 ml. 

100 ml. 

Salt 

— 

8g. 

Shortening 

— 

8g. 

Nonfat dry milk solids 

— 

12 g. 

Fermentation time 

3.5 hr. 

1.6-2.0 hr. 

Fermentation temperature 

80°F. 

95“?. 


Six loaves, to be referred to as A, B, C, D, N, and 0, were baked 
with radioactive potassium iodate. Bakings A and B were preliminary’’ 
experiments designed primarily to test the experimental technique and 
to determine whether significant amounts of volatile iodine-containing 
products were liberated. These loaves were baked in an electric oven, 
off-gases being aspirated through two scrubbers in series containing 
successively 10% aqueous sodium hydroxide and 3% alcoholic silver 
nitrate. These bakes were of somewhat inferior quality probably due 
to the lower temperature 395®F.) and longer time (40-45 

minutes) required for baking. Two additional loaves, C and D, were 
baked in a gas oven at 410®F. for 30 minutes. These loaves were in 
every respect normal in appearance and quality. Loaves N and O 
were also baked for 30 minutes in a gas oven, but at a temperature of 
425®F. These loaves were also normal in appearance and quality. 

All six radioactive loaves were baked with “Fermaloid** yeast food 
prepared^ without potsissium iodate, the latter deficiency being sup¬ 
plied as radioactive iodate prior to sponge preparation. About 2 mg. of 
KlOa was used per bake. Each radioactive loaf baked was accom- 

» The iodine 131 used in these experiments ^va8 allocated by the Isotopes Division, U. S. Atomic 
Energy Commission. 

* Courtesy of Mr. W. E. Masmard of the Fleischmann Research Laboratories. 



July. 1950 CONN, HOLLENBECK, ROSENBLUM, AND WOODBURY 299 


panied by a control loaf prepared from normal “Fermaloid.” Radio¬ 
autographs of slices from three loaves (A, N, and O) were taken by 
placing these slices directly on Eastman “No-Screen” or Type K 
X-ray film. Fig. 1 shows the radioautographs of a center and an end 
slice from loaf O placed on No-Screen film two days after baking, and 
the film developed after an exposure of 14 days. These radio¬ 
autographs show a great deal of the crumb structure because the bread 
slices were subjected to slight pressure during the entire period of film 
exposure to insure close contact with the film. 

Bread Extraction Procedure, One-quarter loaf of baked bread A 
and B was dispersed in ammoniacal methanol (10 ml. of concentrated 



End Slice Center Slice 

Fig. 1. Radioautographs from loaf 0 (14 days exposure; *‘No-Screen*’ X-ray film). 


ammonium hydroxide per 500 ml. of methanol) in a Waring Blendor. 
The supernatant liquid was filtered through cotton wool, and the 
residue regxtracted several times with additional portions of am¬ 
moniacal methanol. This solvent was chosen in order to minimize the 
amount of extraneous organic material extracted with the soluble salts. 
Ammonia was added to prevent interaction between iodide and iodate 
ions, or iodate reduction in general, which occurs in acid solution. 
Preliminary tests showed that this solvent was adequate for dissolving 
the small amounts of iodine salts involved. 

In the case of C and D, a half-loaf of each was extracted, the 
volumes of extracting solvent being proportionately latter. Further¬ 
more, an excess of inactive reagent grade potassium iodide and potas- 
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slum iodate was added to the Waring Blendor before the extractions 
were performed. Any possibility of extraneous reaction was thus 
minimized as far as percentage utilization of radioactive iodine is 
concerned. The extraction of any adsorbed iodine salts was also 
facilitated. 

One-quarter each of loaves N and O were extracted. Thus the 
initial methanolic extractant (No. 1; added portion-wise) contained the 
carrier salts and 20 ml. of water to insure their solution, in addition to 
the standard 10 ml. ammonium hydroxide; extractant No. 2 was 
similarly composed except for the omission of salts; and extractant No. 
3 was simply the standard ammoniacal methanol solution used for 


TABLE I 

Stjmmary of Baking and Extraction Data for Loaves A-D 


Baking Data 

Loat No 

V 

B 

c 


Potassium iodate added, mg. 

1.967 

1.985 

2.364 

2.086 

Dough fermentation, proof time, min. 

68 


75 

75 

Total weight of dough, g. 

688 


679 

683 

Dough weight per loaf, g. 

500 



500 

Baking temp., ^F. 

392 

395 

410 

410 

Time, min. 

45 

40 

30 

30 

Weight of loaf, g. 

410 

419 

436 

436 

Extraction Data 

* A 

B 

c 

D 

Sample of bread, weight g. 

102.5 

105 0 

218.0 

218.0 

Volume of extractant (ml.), 1st 


250 


3601 

2nd 


100 


200 

3rd 

50 

100 


200 

4th 

50 

50 


200 

Sth 

50 

50 

100 

100 

Total 

650 

550 

875 

1060 

Volume extract recovered, ml. 

499 

420 

7S0 

852 

Weight of dried residue, g. 

67.3 

70.2 

134.7 

129.8 


»Contains 10 ml. water with approximately 100 mg. KI and 100 mg. KIOs. 


loaves A through D. In these cases, the entire amount of inert carrier 
iodide and iodate was not supplied as a single addition of solid salt to 
the Waring Blendor (as in loaves C and D), but the carrier salt mixture 
was dissolved in the ammoniacal methanol with which the portionwise 
extraction of the bread was begun. Details relating to all bakings 
and extractions performed are summarized in Tables I and IL 

Separation of Free Iodide and Iodate in Bread Extracts and Dried 
Residues. The determination of the small amounts of iodide and 
iodate present simultaneously in bread extracts was effected by con¬ 
verting these salts into two silver iodide precipitates, one representing 
the iodide and a second corresponding to the iodate fraction. These 
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precipitates were dissolved in aqueous sodium cyanide, and the radio¬ 
activity of the solutions measured. Knowing the specific activity 
(i.e., radioactivity per unit weight) and quantity of the iodate added, 
the percentage of initial iodine in the several fractions could be readily 
computed. 

The separation of iodide and iodate is based upon the difference in 
the solubility of the respective silver salts in aqueous ammonia solu¬ 
tion, the iodide being substantially insoluble (about 50 mg. per 1.), 

TABLE II 

Summary or Baking and Extraction Data for Loaves N and 0 


Bakins Data 

Loaf No. 

N 

0 

Radioactive potassium iodate added, mg. 

2.068 

2.068 

Dough fermentation, proof time, min. 

60 

60 

Total weight of dough, g. 

677 

680 

Dough weight per loaf, g. 

500 

500 

Baking temp., ^F. 

425 

425 

Time, min. 

30 

30 

Weight of loaf, g. 

409 

400 

Extraction Data 



Sample of bread, weight g. 

102.25 

100.00 

Approximate number of extractions 



No. 1 extractant, No. extractions 

3 

5 

10 ml. ammonium hydroxide 

20 ml. water 



potassium iodate, mg. 

100.6 

100.6 

potassium iodide, mg. 
to 500 ml. with methanol 

101.2 

102.2 



No. 2 extractant, No. extractions 


5 

10 ml. ammonium hydroxide 

20 ml. water 

to 500 ml. with methanol 



No. 3 extractant, No. extractions 

3 

5 

10 ml. ammonium hydroxide 
to 500 ml. with methanol 



Total volume of extractant, ml. 

1500 

1500 

Total volume of extract, ml. 

1250 

1270 

Weight of dried residue, g. 

71.0 

70.5 


whereas the iodate is completely soluble. In order to insure complete 
recovery of the small amounts of radioactive iodide and iodate which 
might be present, weighed large amounts of reagent grade potassium 
iodide and iodate were added as carriers to the extract at the beginning 
of the separation. The separation which comprised six main steps is 
described in flow sheet form in Fig. 2. After removal of methanol and 
extraction of fat (Fraction E), silver salts (including iodide and iodate) 
were precipitated, and the iodate washed out with ammonia. This left 
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silver iodide precipitate No. 1. The ammonical extract was treated 
with sulfurous and sulfuric acids to reduce the iodate to iodide, which 
yielded a second silver iodide precipitate No. 2. Silver iodide pre¬ 
cipitates Nos. 1 and 2 could be either collected on tared filters and 
weighed, or dissolved in sodium cyanide solutions. The second tech¬ 
nique was adopted for the bulk of this work because the radioactivity 
measurements were considerably simplified thereby. The petroleum 



^ Radioactive fractions measured. 

Fig. 2. Flow sheet for fractionation of bread extract. 


ether solution containing fat Fraction E was evaporated in a tared 
flask and the residue weighed; the volumes of filtrates F and G were re- 

corded. In separation test experiments E (with KIOs) and H (with 
♦ 

KI), water was used instead of bread extract; therefore certain steps 
were omitted. 

During the extraction of loaves A and B, the carrier quantities of 
inactive potassium iodide and iodate (about 100 mg. each) were added 
only after the methanol and fat had been removed, since it W2is believed 
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on the basis of the literature (2) (6) and preliminary experiments with 
macro quantities that iodate would be stable in the bread extract if 

the pH was above 7. Subsequent separation tests with KlOa re¬ 
vealed, however, that in a methanolic bread extract prior to removal of 
methanol, reduction to iodide can occur on a micro scale even in the 
alkaline medium (experiment F). On the other hand, addition of 
carriers before methanol evaporation (experiment G) permitted satis¬ 
factory recovery of the radioactivity as iodate. 

Similar experiments (I and R) with radioactive potassium iodide 
indicated that carriers had to be added to the extracts prior to methanol 
removal in order to minimize conversion (air oxidation?) of iodide to 
iodate. In view of the above experience, the inactive salts were added 
to extracts from loaves C, D, N, and O prior to evaporation of meth¬ 
anol. This precaution, coupled with the earlier addition of carrier 
salts to the Waring Blendor, ensured that the relative amounts of 
iodide and iodate left in the bread were maintained during the separa¬ 
tion procedures, and that extraction of iodine-containing salts is 
essential^ complete, except for possible coprecipitation effects. 
Assuming no loss of carriers, the total quantities added in these four 
experiments were about 200 mg. each of potassium iodide and iodate. 

While clean, easily filterable silver iodide precipitates were obtained 
in runs without bread extract, the precipitates from the bread extracts 
were invariably contaminated with a mucilaginous material which 
rendered filtration very difficult. Centrifugation was successful in 
dealing with this problem and hence in experiments C, D, F, G, I, N, 
0, and R, the silver iodide^ samples in the centrifuge tubes were dis¬ 
solved by addition of a weighed amount (100-200 mg.) of reagent 
grade sodium cyanide and making up to a given volume (25-100 ml.). 

The re-extraction procedure to which residues from loaves A, D, N, 
and O were subjected again involved ammoniacal methanol as solvent. 
This was merely to ascertain the completeness of the original extrac¬ 
tion, The extract was then separated into a petroleum ether (A) and 
an aqueous (B) fraction. The residue was further treated with acetone 
to yield another fat fraction (C) and a completely extracted residue 
(D). In the case of loaves D, N, and O, the aqueous extracts (B) were 
radioactive. Accordingly, they were examined for iodide and iodate 
content as mentioned above (Fig. 2) and were found to contain these 
salts in about the same proportion as was originally extracted. A flow 
sheet of the re-extraction procedure is shown in Fig. 3. 

Radioactivity Measurements. The amount of iodine in the several 
fractions was determined by the radioactivity of measured portions of 

• It should be emphasised that the purity of the silver iodides is immaterial, since only the radio¬ 
activity of precipitates Nos. 1 and 2 is being determined. It is important only to make certain that the 
silver iodides are completely recovered, and that contaminating impurities are not radioactive. 
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each sample. The activity was determined with a bell-type Geiger 
counter tube equipped with a thin mica window weighing 2.7 mg./cm®. 
Samples were placed in circular stainless steel planchets 2.5 cm. in 
diameter and 7 mm. in depth. The activities of weighed amounts of 
dried residues were measured directly. Fat fractions were dissolved in 
a measured volume of petroleum ether or acetone, and aliquots 
evaporated by means of an infrared lamp. Aqueous filtrates were 
similarly evaporated prior to counting, as were aliquots of the sodium 
cyanide solutions of the silver iodides. 

Activities are expressed as counts per minutes (c.p.m.) and are 
corrected for background and for the decay of radioactive iodine using 
a half-life of 8.0 days. For each baking experiment or separation test, 
a zero time was chosen, and all activities were corrected for iodine decay 



1 Radioactive fractions measuied. 

Fig. 3. Flow sheet for re-extraction of bread r&idue. 


back to this starting time. The amount of iodine present in any given 
fraction could then be expressed as a percentage of the total iodine. No 
coincidence corrections were made since relatively low activities were 
measured throughout. During the bulk of this work, a National 
Bureau of Standards Radium D E standard preparation was 
measured daily as a check on sensitivity variations of the counter tube, 
and appropriate corrections made for daily variations. 

Every fraction possessing significant activity was usually measured 
in triplicate. Furthermore, each measurement involved a different 
amount of sample, i.e. varying aliquots of solution or several weights of 
j'esidue. This was done to ascertain whether the residues were thick 
enough to absorb an appreciable part of the electrons emitted by the 
yadioiodine, I|i pas^ of the fat fractions, and of course in the dried, 
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extracted bread residues, self-absorption (1, 4, 12) of radiation was 
important, and appropriate correction factors were established 
experimentally. The above correction data are not reported since they 
apply strictly to the particular measuring equipment employed. 

Standardizations and Separation Tests. The radioactivity of the 
* * 

stock KIOs and KI salts was determined by weighing several mgm, of 
salt into a 50-100 ml. volumetric flask, dissolving in water, and measur¬ 
ing the activity of the aliquot residues as described in the preceding 
section. The specific activities of these salts, expressed as counts per 
min. per mgm., were calculated for those times taken as the starting 
points of pertinent separation and baking experiments. 

The efficiency of the iodide-iodate separation procedure was tested 
separately with radioactive potassium iodide and with radioactive 

TABLE III 

Tests of Separation Efficiency 



Radio- 




% of Total Measured Activity 

Expt. 

active- 

Compo- 

nent 

Medium 

Carrier 

added 

Iodide 

Iodate 

Fat 

Fraction 

Filtrate 

F 

Filtrate 

G 

E 

Iodate 

Water 

Present 

4.4 

95.6 

_ 

Discarded 

Discarded 

F 

Iodate 

Bread 

Extract 

After 

Methanol 

Removal 

87.6 

11.2 

0.4 

0.3 

0.3 

G 

Iodate 

Bread 

Extract 

Before 

Methanol 

Removal 

7.3 

92.4 

0.3 

Discarded 

Discarded 

H 

Iodide 

Water 

Present 

99.3 

0.7 

— 

Discarded 

Discarded 

I 

Iodide 

Bread 

Extract 

After 

Methanol 

Removal 

89.7 

9.9 

0.4 

Discarded 

Discarded 

R 

Iodide 

1 

Bread 

Extract 

Before 

Methanol 

Removal 

97.0 

2.4 

0.1 

0.4 

0.1 


potassium iodate added to water and to ammoniacal methanol ex¬ 
tracts of bread. Results are reported in Table III which gives the 
activities of the various fractions in per cent of total activity. The 
theoretical activity can be calculated for any experiment from the 
weight of radioactive salt employed and its specific activity. Because 
of the difficulties inevitably attending these radioactivity measure¬ 
ments, and because of the large number of different samples measured, 
the measured total activity may deviate significantly from the theo¬ 
retical activity. Whenever this difference exceeded 1% in these 
separation tests and in the baking experiments reported in the next 
Section, the per cent of total activity in the several fractions was 
recomputed on the basis of the measured total activity as 100%. 
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This permits a more convenient comparison of the distribution of 
activity among the different fractions of a given experiment. 

Three experiments® were performed with the iodate. Experiment 
E was carried out in water in the presence of added inert iodide and 
iodate as a preliminary trial of the validity of the separation. Ap¬ 
parently a small amount (4.4%) of the initial active potassium iodate is 
retained by the iodide fraction. In this test the silver iodide pre¬ 
cipitates from the iodide and iodate fractions were filtered and weighed 
prior to solution in cyanide for determination of radioactivity. The 
weights of both precipitates were about 99% of theoretical. 

Experiment F is the counterpart of E made on a bread extract. 
Excess salts were not added, however, until after evaporation of the 
methanol. No attempt was made to weigh the silver iodide precipi¬ 
tates prior to solution in cyanide. It is obvious that considerable 
reduction (~88%) of the minute amount of iodate to iodide occurred 
during the removal of the methanol from the extract. 

In experiment G, also performed with an ammoniacal methanol 
bread extract, the carrier salts were added before evaporation of 
methanol in order to minimize the extent of possible iodate reduction. 
The effectiveness of this swamping procedure is demonstrated by the 
fact that only about 7% of the radioactive iodine, introduced origi¬ 
nally as iodate, was present in the iodide fraction. This may be due 
more to coprecipitation effects enhanced by the presence of protein, 
starch, and salts in the extract than to actual reduction of iodate by 
bread components. 

Experiments^ H, I, and R were performed with radioactive potas¬ 
sium iodide. In water (experiment H) the separation is virtually 
quantitative; and the weights of silver iodide precipitates Nos. 1 and 
2 prior to solution in cyanide agree with the expected weights. In 
the presence of bread extract, however, a small amount of iodide is 
retained by the iodate fraction. Thus, in experiment I in which the 
inert carriers were added after removal of methanol, this amounts to 
~10% and may represent a small degree of (air ?) oxidation of iodide 
to iodate in basic solution. This effect is practically eliminated, how¬ 
ever, by supplying the carrier salts at the very start of the separation 
procedure, i.e. before evaporation of the alcohol. Thus experiment R 
shows that only 2.4% of the total activity resides in the iodate fraction. 
The protecting effect of the carrier in minimizing the extent of un¬ 
desirable reactions of the small amounts of active material present, 
until a final separation can be achieved, is thus again demonstrated. 

The above series of separation tests shows the necessity for addition 
of protective carrier salts at the very start of the separation procedure. 


* SiflOO xng. of carrier salt used in these ezpcuiments. 

7 100 mg. of each carrier used in experiments H and I; 200 mg. of each used in experiment R. 
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Although the separations of the iodide and iodate fractions are not 
clean from a quantitative point of view, the extent of contamination of 
iodide by iodate and vice versa has been evaluated in the separation 
tests. This will in no way invalidate the general conclusions as to the 
course of the iodate decomposition, but will tend to yield somewhat 
high iodate values. 

Results 

The distribution of radioactivity among the several extraction 
fractions and residues from the six loaves of bread baked with radio¬ 
active potassium iodate is reported in Tables IV-VI. Successive 
columns represent the number and nature of the fraction involved, the 
radioactivity in c.p.m., the per cent of theoretical total activity of the 


TABLE IV 

Preliminary Baking Experiments A and B; Electric Oven 


Fraction 

Experiment 

Experiment B* 

c.p.m. 

%of 

Theoretical 

Activity 

%of 

Measuied 

Total 

Activity 

c.p.m. 

%of 

Theoretical 

Activitsr* 

Number 

Nature 

_ 

Off-gas 

0 

0 

0 

100 (?) 

0.02 (?) 

1 

Iodide 

330,500 

59.7 

65.4 

176,000 

40.9 

2 

Iodate 

23,3002 

I 4.2 

4.6 

63,640 

14.8 

E 

Fat Fraction 

2,610 

0.5 

0.5 

3,730 

0.9» 

F 

Filtrate 

570 

0.1 

0.1 

800 

0.2 

G 

Filtrate 

980 

0.2 

0.2 

570 

0.1 


Extracted Residue 

147,000 

26.6 

29.1 

116,700 

27.2 

A 

Fat (Pet. ether) 

5,150 

(0.9) 

(1.0) 

— 

— 

B 

Aqueous Fraction 

990 

(0.2) 

(0.2) 

— 

— 

C 

Fat (Acetone) 

10,300 

(L9) 

(2.1) 

— 

— 

Total Measured Activity 

504,960 

91.3 

100 

361,440 

84.1 

Theoretical Activity 

553,000 

100 



100 

Deficiency 

98,040 

8.7 

El 

68,560 

15.9 


1 Calculated initial weight KIOj in bread sample 0.358 mg. Carriers added after removal of 
methanol (100.3 mg. iodate; 100.8 mg. iodide). 

* Corrected tor loss of precipitate No- 2 as dwciibed m test. 

bread saniple 0.360 mg. Carriers added after removal of 
iide). 

computed because this activity balance sheet is obviously 


* Calculated initial weight KIOi in 
methanol (100.0 mg. iodate; 100.3 mg, io 

♦ % of measured total activity not 
deficient. 


bread sample, and the per cent of the measured total activity present in 
a given fraction, recalculated as described in the preceding section. 
Figures in parentheses are not included in the totals. 

Table IV summarizes results obtained with the loaves (experiments 
A and B) baked in an electric oven. These preliminary experiments 
are atypical because of the non-uniform heat and lower temperatures 
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prevailing in the oven employed for baking. Furthermore, in the 
extraction of these loaves, carrier salts were not added until after 
methanol was removed from the bread extract, so that the values of 
iodate and iodide activities are in doubt. In both cases an attempt 
was made to collect and weigh the silver iodide precipitates prior to 
solution in cyanide for activity determination. In contrast to the 
virtually complete recoveries obtained from water solutions (experi¬ 
ments E and H), silver iodide precipitate weights tended to run con- 

TABLE V 


Baking Experiments C and D; Gas Oven 



Fraction 

Experiment C' 

Experiment D* 


c.p.m. 

%of 

Theoretical 

Activity 

%of 

Measured 

c.p.m. 

%of 

Theoretical 

Activity 

% of 
Measured 

Number 

Nature 

Total 

Activity 

Total 

Activity 

1 

Iodide 

39,050 

71.7 

72.8 


(72.8) 

(75.1) 

(3.6) 

2 

Iodate 

1,659 

3.0 

3.0 

(1,650) 

(3.4) 

E 

Fat Fraction 

20 (?) 

0.04 (?) 

0.04 (?) 

0 


0 

F 

Filtrate 

100 (?) 

0.2 (?) 
0.04 (?) 

0.2 (?) 
0.04 (?) 

0 

0 

0 

G 

Filtrate 

20 (?) 

0 

0 

0 

— 

Extracted 

Residue 

12,900 

23.6 

23.9 

— 

— 

— 

A 

Fat. (Pet. 

Ether) 

Fat 

(Acetone) 

— 

— 

— 

0 

0 

0 

C 

— 

— 

— 

200 (?) 

0.4 (?) 

0.4 (?) 

D 

Re-extracted* 

Residue 

— 



0 

0 

0 

1 

Iodide (2nd 
Extramon) 




(9,100) 


— 

2 

Iodate (2nd 
Extraction) 
Total Iodide 

! 

— 

— 

(600) 

— 

— 

_ 


_ 

_ 

43,900 

91.8 

94.8 

— 

Total Iodate 

— 

— 

— 

2,250 

4.7 

4.8 

Total Measured Activity 

53.750 

98.6 

100 

46,350 

96.8 

100 

Theoretical Activity 

54,500 

100 

101.4 

47,870 

100 

103.3 

Deficiency 

750 

1.4 

— 

1,520 

[ 3.2 

1 _ 

•— 


1 Calculated initial weight KlOi in bread sample 0.870 mg. Carriers added at time of extraction 
(0^100 mg. each) and before methanol evaporation (e^lOO mg. each). 

»Calculated initial weight KlOj in bread sample 0.764 mg. Carriers added at time of extraction 
(aflOO mg. each) and prior to methanol evaporation («i«il00 mg, each). 

* Re-extraction in the presence of *»50 mg. of iodate and saso mg. iodide. 


siderably higher than theoretical due to the presence of mucilaginous 
contaminants which adhered to the precipitates. The single exception 
occurred in experiment A where, due to peptization, the recovery of the 
precipitate No. 2 corresponding to the iodate fraction was only 76.5%. 
The c.p.m. value listed for this fraction in Table IV is corrected for this 
loss. 

The tendency of the ammonia-extracted silver iodide residues from 
bread extract to peptize when washed was always extremely trouble¬ 
some, and in some cases the iodides could not be centrifuged after 
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washing unless some sodium nitrate was added to the supernatant as 
coagulant. The peptization was caused exclusively by bread colloids, 
since it was never observed in silver iodide residues from pure water 
solutions. 

An attempt to re-extract the residue from experiment A with 
ammoniacal methanol yielded but little additional activity. It was 
found subsequently that extraction efficiency was increased by the 
presence of carriers, and that re-extraction by a slurrying procedure 
was more effective. The recovery of silver iodide precipitates by 

TABLE VI 


Baking Experiments N and 0; Gas Oven 



Fraction 

Experiment N^ 

Experiment O’ 

Number 

Nature 

c.p m. 

%of 

Theoretical 

Activity 

c p m. 

%of 

Theoretical 

Activity 

1 

Iodide 

(145,200) 

(87.5) 

(141,600) 

(85.7) 

2 

Iodate 

(4,340) 

(2.6) 

(12,400) 

(7.5) 

E 

Fat Fraction 

ii!l,400 

0.8 

125 

0.1 

F 

Filtrate 

SS,860 

3.5 

£5^700 

0.4 

G 

Filtrate 

930 

0.5 

730 

0.4 

A 

Fat (Pot. Ether) 

^50 

0 

— 

— 

D 

Re-extracted Residue* 

aiS,400 

3.3 

6,700 

4.1 

1 

Iodide (2nd Extraction) 

(3,540) 

— 

(2,920) 

— 

2 

Iodate (2nd Extraction) 

(Miao) 

— 

(100) 

— 


Total Iodide 

148,740 

89.5 

144,520 

87.4 

— 

Total Iodate 

4,470 

2.7 

12,500 

7.5 

Total Measured Activity 

166,850 

100.4 

165,275 

99.9 

Theoretical Activity 

166,200 

100 

165,300 

100 

Excess (N) or Deficiency (0) 

650 

0.4 

25 

0.1 


1 Calculated iniUal weight KlOa in bread sample 0.382 mg. Carriers added at time of extraction 
(«100 mg. each) and before evaporation of methanol (calOO mg. each), 

» Re-extraction in the presence of «S0 mg. iodate and iodide. 

> Calculated initial weight KlOt in bread sample a380 mg. Carriers added at time of extraction 
(crflOO mg. each) and before evaporation of methanol (calOO mg. each). 

filtration appears to be of doubtful value since, in both experiments 
A and B, large activity deficiencies (differences of 9 and 16% between 
theoretical and total measured activities) were noted. Accordingly, in 
subsequent experiments the filtration practice was discontinued, and 
all washings were performed in centrifuge tubes. The justification for 
this step is seen from the improved activity balance sheets characteiiz- 
ing the remaining experiments. It is obvious, however, even from 
these preliminary experiments, that a negligible amount of iodine is 
liberated among the gaseous products, and that the reduction of iodate 
during baking is extensive. 
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Tables V and VI summarize the results obtained with the four 
loaves (experiments C, D, N, and O) baked in a gas oven. All four 
cases illustrate the increased initial extraction efficiency in the presence 
of carriers, which were added before evaporation of methanol. In the 
last three experiments, the once-extracted residues were re-extracted 
by a slurrying technique in the presence of carrier. By this device, 
additional iodate and iodide were obtained, in about the same ratio as 
in the initial extractions. In experiment N, filtrate F exhibited an 
exceptionally high (3.5%) activity. This is probably due to incom¬ 
plete precipitation of the iodate and/or iodide. Accordingly, the 
value of 2.7% reported in this experiment for iodate is probably low, 
and may actually be as high as 6.2%. 

The uniform distribution of the radioactive salts in the loaves and 
in the samples taken for analysis was demonstrated qualitatively by 
the radioautographs of end and center slices (Fig. 1). The excellent 
radioactivity balance sheets obtained with unequivocal bakings C, D, 
N, and O constitute quantitative evidence of proper sampling. 

Discussion 

In all of these experiments, the largest fraction of total activity 
present as iodate was 14.8%. This occurred in the preliminary 
experiment B, which was atypical because of unrepresentative baking 
conditions and was suspected on the grounds of incomplete separation 
and because of a very incomplete activity balance. In the remaining 
baking experiments, which included the four unequivocal bakings C, 
D, N, and O, the amount of iodine found as unconverted iodate was 
considerably less, i.e. 4.6, 3.0, 4.8, 6.2, and 7.5%. This leads to the 
conclusion that less than 7.5% of the original iodate is left in this form 
after the baking process. Even this value is undoubtedly high because 
the separation of iodide from iodate was not quantitative (see section 
on separation tests). The retention of iodate by iodide would not 
affect the results appreciably because of the small amount of iodate in¬ 
volved. Since the bulk of the radioactivity is present as iodide, how¬ 
ever, the presence of several per cent of iodide In the iodate fraction 
(cf. experiment R) would lead to significantly higher apparent values 
for iodate. 

It appears likewise that the principal iodine-containing product 
formed is potassium iodide. One might be inclined to deduce from 
experiments A, B, and C (Tables IV and V) that only about half or 
two-thirds of the original iodine is converted to iodide, and that a 
considerable fraction (24-27%) is permanently fixed in the dried 
residue. However, experiments D, N, and O (Tables V and VI), in 
which more efficient extractions were performed, show quite clearly 
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that the activity of the once extracted bread is not permanently 
bound but, on the contrary, extractable; actually about 90% of the 
initial iodate is transformed to iodide. Although the small amount of 
activity (3-4%) left in the re-extracted residues (experiments N and 0) 
may actually be retained as combined iodine, it is more likely present 
simply as adsorbed salt, hence completely extractable as was found in 
experiment D. No radioactivity was observed in the scrubbed off¬ 
gases; and the activities of the fat fractions were small and variable, 
and probably were due to slight contamination by the active aqueous 
phases extracted. It is evident from the above experiments that 
potassium iodate is extensively decomposed to potassium iodide during 
the baking of bread. 
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BAKING PROPERTIES AND PALATABILITY STUDIES OF SOY 
FLOUR IN BLENDS WITH HARD WINTER WHEAT FLOURS 


K. F. Finney, C. E. Bode, W. T. Yamazaki, Mary T. Swickard, and 

Ruth B. Anderson^ 

abstract 

A commercially milled and bleached hard red winter \rheal flour con¬ 
taining 13.9% protein was baked with 4% and 8% of a commercial hexane- 
extracted, a commercial full-fat, and an ethanol extracted soy flour. Excel¬ 
lent bread was made with blends containing up to 8% soy flour with the 
hard red winter wheat flour, the quality of the bread as measured by crumb 
grain and loaf volume being equal to that for wheat flour alone provided the 
quantity of potassium bromate used in the baking formula was increased. 

The average increase in baking absorption for each 1 % of soy flour added 
was over 1%. Crumb colors for bread containing soy flour were creamy- 
gray, the degree of which was dependent on the kind and amount of soy flour 
used. Soy flours have specific baking properties and potentialities in blends 
with hard red winter wheat flour. These potentialities are not expressed, 
however, unless suitable alterations are made in the baking method. 

For palatability studies, bread was made from wheat flour alone and 
from wheat-soy flour blends containing 4% and 8% of two commercial 
hexane-extracted, two commercial full-fat, and two ethanol-extracted soy 
flours. These breads were scored for tenderness, soylike flavor, desirability 
of flavor, and acceptability of bread. Statistical analysis of the data ob¬ 
tained in this study indicated that bread made from wheat flour alone was 
preferred to that made from soy-wheat flour blends. In addition, one of the 
hexane soy flours was more easily detected than the other at the 8% level; 

8% of soy flour was more easily detected than 4%; and ethanol-extracted 
soy flours were preferred to full-fat flours at the 8% level. 

The addition of 1 mg, of potassium bromate per 100 g. of wheat 
flour by Bohn and Favor (2) improved loaf volume and internal 
characteristics of the bread made from wheat-soy flour blends. Studies 
carried out in the Soft Wheat Quality Laboratory at Wooster, Ohio 
(3) showed that bread of excellent loaf volume and crumb grain could 
be made from blends containing up to 8% soy flour with hard red 
spring wheat flour, providing the quantity of potassium bromate used 
in the baking formula was increased with the amount of soy flour used. 

1 Manuscript received October 31, 1949. Cooperative investigations between the Division of 
Cereal Crojra and Diseases, Bureau of Plant Industiy, Soils, and Amcultural Engineering, Pood and 
Nutrition Division, Bureau of Human Nutntion and Home Economics, and the Oil and Protein Divi¬ 
sion, Northern R^ional Research Laboratory Bureau of Agrlcultuml and Industrial Chemistry, 
Agricultural Research Administration, U. S. Department of Agriculture; and the Department of 
Agronomy, Ohio Agricultural Experiment Station. 

* Chemist, Associate Technologist, Assistant Chemist, Bureau of Plant Industry, Soils, and A^i- 
cultural Engineetinf^; and Food Specialist and formerly Home Economistt Bateau of Human Nutrition 
and Home Economics, respectively. 
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Bayfield and Swanson (1) state that it was necessary to increase potas¬ 
sium bromate with increasing percentages of soy flour, and that when 
proper adjustments in formula and procedure were made, bread con¬ 
taining as much as 6% soy flour was equal to the control, except for 
crumb color. These breads, however, were not judged for palatability. 
Accordingly, the cooperation of the Bureau of Human Nutrition and 
Home Economics was requested to study the acceptability of such 
breads. 

A hard red winter wheat flour was used for the palatability studies 
and they in turn were expanded sufficiently to obtain data comparable 
to those reported by Finney (3), in previous studies with soy flour in 
blends with a hard red spring wheat flour. In this way a comparison 
was made of the baking properties of the two classes of hard wheat 
flour, winter and spring, when in blends with soy flour. This paper 
describes the baking properties and behavior of blends containing 4% 
and 8% soy flour with hard red winter wheat flour containing 13.9% 
protein, and outlines the judging procedure employed and gives a 
statistical summary of data obtained in making the acceptability tests. 

Materials and Methods 

Two commercial hexane-extracted (A and B), two commercial full- 
fat (C and D), and two ethanol-extracted (E and F) soy flours pre¬ 
pared by the Northern Regional Research Laboratory were used in 
the breads made for palatability tests. Three composite soy flours 
(A + B, C + D, and E -f- F), however, were used in the studies con¬ 
cerned with evaluating the bread baking properties of the three types 
of soy flour. These three composites of soy flour contained 43.0%, 
31.9% and 46.6% protein, respectively. Four and 8% of each of these 
three composite soy flours were blended with a commercially milled 
and bleached hard red winter wheat flour containing 13.9% protein. 
Each of these blends (100 g. wheat flour plus soy flour) was baked with 
0, 3, 4, and 5 mg. of potassium bromate per 100 g. flour and with 4% 
nonfat milk solids in the formula. Wheat flour alone was baked into 
bread with 0, 2, 3, and 4 mg. of bromate and 4% nonfat milk solids, 
and with 0, 1, 2, and 3 mg. of bromate when the milk solids were 
omitted. Additional ingredients used in all bakes were 6 g. sugar, 1.5 
g. salt, 3 g. shortening, 2 g. yeast, 0.25 g. malt syrup (120®L), and water 
as needed. An optimum mixing time with the straight dough pro¬ 
cedure and a 3-hr. fermentation at 30®C. were employed. All punch¬ 
ing and panning were performed mechanically. Baking time was 25 
min. at 221®C. Bakings were replicated at least twice. A third 
replicate was made when loaf volumes differed by more than 25 cc. 
Data for all replicates were averaged. 
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Each series of samples for palatabilitj tests included six loaves con¬ 
taining 4% and 8% of three of the six so> flours, two loaves duplicat¬ 
ing one of the so> flours at each of the two percentage levels, and one 
check loaf of \\ heat flour only. Twelve replications of this nine loaf 
series were baked in the Federal Soft Wheat Laboratory at Wooster, 
Ohio, using the above formula together with 4% nonfat milk solids and 
optimum bromate. Immediately after cooling, each nine-loaf series 
was sent bj air to the laboratory at Beltsville for the palatability 
tests. The elapsed time between baking and the palatability tests 
was approximately 48 hr. 

The palatability tests were preceded by four training periods in 
which judges were taught to recognize soy flavor, to judge tenderness, 
and to score these two factors quantitatively. On another part of the 
score card they were asked to state preferences for samples in terms of 
the desirability of flavor and general acceptability of the bread. 
Thus, information on amount of soy flavor detected in breads con¬ 
taining the various kinds of flours was recorded independent of whether 
or not the flavor was enjoyed. 

The samples presented at each of 12 judging sessions included 
coded slices of bread containing no soy flour and 4% and 8% of one 
hexane-extracted, one full-fat, and one ethanol-extracted soy flour. 
Labeled slices of bread made from wheat flour alone were included for 
the purpose of comparison. The judging room was partially dark¬ 
ened to minimize color and texture differences. Cool water and slices 
of apple were allowed as needed to clear the mouth of bread flavors. 

The presentation of samples during the 12 bread-judging periods 
was such that each judge made eight scorings for tenderness, soylike 
flavor, desirability of flavor, and acceptability of bread for each of the 
six soy flours at each per cent level and 12 scorings for wheat flour 
alone. Oily, musty, rancid, sour, and bitter were adjectives listed 
for describing bread flavors. Tenderness was scored from five (normal) 
to three (very tender or very tough), soylike flavor from five (none) to 
one {very strong), and desirability of flavor and acceptability of bread 
from five (very good) to one (not acceptable). Student's ^*t” test 
was used to test for significance between various combinations of 
mean scores. 

Results 

The baking absorptions, mixing times, potassium bromate require¬ 
ments, and bread-crumb color scores for the 13.9% protein hard 
winter wheat flour alone and when blended with 4% and 8% of the 
three different soy flours are given in Table I, and the loaf volumes and 
crumb grain scores are shown graphically in relation to the potassium 
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TABLE I 

Absorptions, Mixing Times, and Potassium Bromate Requirements for Hard 
Red Winter Wheat Flour Doughs Containing 0%, 4% and 8 % of 3 Different 
Soy Flours Together with the Crumb Color Scores for Bread 
Baked Therefrom 


Kind and Per Cent of Soy-Flour 
in Blends 

Baking^ 

Absorption 

Mining 

Time 

Potassium 

Bromate 

Requirement 

Optimum 

Bread- 

Crumb 

Color* 


% 

j?itn 

mg 


4% Soy Flour 





Com’l oil-free A -p B^ 

74.3 

2h 

4 

87 

Com’l full-fat C -H D 

73.1 

2k 

4 

85 

Ethanol-extracted E + F 

7S.9 

2k 

4 

86 

8% Soy Flour 





Com’l oil-free A + B 

78.4 

2k 

5 

81 

Com’l full-fat C + D 

75.8 

2k 

5 

73 

Ethanol-extracted E + F 

81.2 

2k 

4 

74 

No Soy Flour 





Control 

70.1 

2k 

3 


Nonfat M.S, omitted* 

67.6 

2k 

1 

107 


114% moisture. When bromate was omitted in the formula, absorptions were reduced 1%. 

* Loaves havmg the optimum crumb grains and loat volumes, m general, had the best crumb colors. 

* Equal parts of each at 14% moisture. 

* All other doughs contained 4% nonfat milk solids. 



Potassium Bromate - mg 

Fig. 1. Loaf volumes for a hard red winta: wheat flour (13.9% protein) baked wth and without 
the addition of nonfat mUk solids and wi^ 4% and 8% of each of 3 different soy flours at several 
potassium bromate levels with milk solids in the formula. 
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bromate requirements in Figs. 1 and 2. The bromate requirement given 
in Table I is the amount of potassium bromate required to produce 
approximately the maximum loaf volume shown in Fig. 1. 

Loaf Volume and Bromate Requirement The wheat flour without 
soy flour and without milk solids produced a loaf volume of 910 cc. 
(Fig. la) with no potassium bromate in the formula. The addition of 
4% nonfat milk solids, however, reduced loaf volume 80 cc. When the 
hard winter wheat flour was blended with 4% and 8% of soy flour and 
baked into bread by the same formula (4% milk solids and no bromate) 



Potosslum Bromate - mg 

Fig. 2. Crumb grain scores for a hard red winter wheat flour (13.9% protein) baked with and 
without the addition of nonfat milk solids and with 4% and 8% of each of 3 different soy flours at 
several potassium bromate levels with milk solids in the formula. 


further material reductions in loaf volume (Fig. la to Id) were ob- 
tained. For example, 4% and 8% of the commercial oil-free soy flour 
reduced loaf volume 90 cc. and 127 cc. respectively, below that for 
milk solids alone. The same concentrations of full-fat and ethanol- 
extracted soy flours produced equally large reductions. In every in¬ 
stance the reduction in loaf volume was greater for 8% than for 4% 
soy flour. The optimum loaf volume (Fig. la) for the hard winter 
wheat flom: without soy flour and without milk solids was produced 
with only 1 mg. of potassium bromate; whereas with 4% milk solids 
3 mg. were required. When 4% and 8% of each of the three soy 
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flours were included with milk solids in the formula, 4 to 5 mg. of 
bromate were required for optimum loaf volume (Fig. lb, Ic, and Id), 
although the commercial full-fat S03" flour gave nearly optimum vol¬ 
umes equal to that for milk solids alone with only 3 mg. of bromate. 
The optimum volumes for both concentrations of all three soy flours 
were equal to or slightly greater than the optimum for milk solids 
alone, except the 8% ethanol-extracted soy flour. 

Bread Crumb Grain. The bread crumb grain data (Fig. 2) are 
principally of interest from the standpoint of a comparison with loaf 
volumes obtained at corresponding potassium bromate levels. First it 
will be noted that additions of each of the soybean flours strikingly 
decreased the crumb grain scores (Fig. 2b, 2c, and 2d) as compared with 
the hard winter wheat flour alone (Fig. 2a) when no bromate was used, 
and that this depressing or reducing effect, also noted for loaf volume, 
was much greater for 8% than for 4% soy flour. These scores, how¬ 
ever, gradually improved as the quantity of bromate increased, in the 
same manner as was noted for loaf volume, so that the loaf volume and 
crumb grain curv’es roughly parallel each other. Most important, 
the optimum crumb grains and optimum loaf volumes were produced 
with approximately the same quantity of bromate in the formula. 
In addition, the optimum crumb grains for the 4% soy flour blends 
were equal to or slightly better than those obtained for wheat flour 
alone; whereas those for the 8% soy flour blends were slightly poorer. 
Thus the effects on crumb grain scores are so similar to those on loaf 
volume that the latter may for all practical purposes be used alone to 
evaluate these effects. It should be noted, nevertheless, that the 
blends with the ethanol-extracted soy flour (Fig. 2d) are more sensitive 
to the detrimental effects of too much bromate than are the blends 
of the other two soy flours. 

Bread Crumb Color. The loaves having optimum crumb color 
scores (last column of Table I) also had the optimum or nearly optimum 
loaf volumes and crumb grains. The crumb color value of 103, which 
characterizes the control, is considered excellent. The crumb colors of 
85 to 87 for all 4% soy flour blends would be noticeably creamy or 
creamy-gray to some consumers of white bread; whereas the bread 
crumb colors of 73 and 74 for the blends containing 8% of the com¬ 
mercial full-fat and ethanol-extracted soy flour would be noticed by 
many. 

Baking Absorption and Mixing Time. The water absorptions 
(Table I) varied considerably for the three different soy flour com¬ 
posites. For example, it was found necessary to add l.OS, 0.75, and 
1.45% additional water for each 1% of the commercial oil-free, com¬ 
mercial full-fat, and ethanol-extracted soy flour, respectively. Mix- 
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ing requirement of the hard winter wheat flour was not altered by the 
addition of soy flour. 

The mean scores for so^like flavor, desirability of flavor, and ac¬ 
ceptability of bread together with the levels of significance for differ¬ 
ences between types and percentages of soy flour are given in Tables 
II, III, and IV. 

Tenderness, There seemed to be no agreement among judges as 
to whether samples were more tender or more tough than normal. 

TABLE II 

Statistical Sigxificanxe of Differences in Strength of Soy-Like Flavor 


Comparisons 

Sample and 
% I^vel of 
Soy 

Mean 

Score 

Mean 

Score 

Sample and 
% Level of 
Soy 

Significance 

a) Within type at each level 

A4 

4.04 

4.00 

B 4 

— 

As 

3.94 

3.50 

Bs 



Cl 

3.88 

3.98 

n4 

— 


Cs 

3.47 

3.64 

D, 

— 


E 4 

4.29 

4.04 

F 4 

— 


Es 

3.96 

3.7S 

Fs 

— 

b) Between wheat and soy 

Mean score of wheat (4.72) significantly different 

flour at each level 

from mean score of each of the soy samples.** 

c) Between levels within a 

(A+B), 

4.02 

3.94 

Ag 


type 

(A+B), 

(C+D )4 

4.02 

3.50 

Bs 


3.93 

3.56 

(C+D), 

** 


(E+F;4 

4.15 

3.85 

(E+F )8 



B. 

4.00 

3.50 

Bg 


d; Between typcb within a 

(A + B )4 

4.02 

3.93 

(C+D )4 

_ 

level 

(A+B). 

4.02 

4.15 

(E + F)4 

— 


(C+D )4 

3.93 

4.15 

(E+F)4 

— 


(C+D), 

(C+D)s 

3.56 

3.56 

3.85 

3.94 

(E+F )8 

A, 

* 

* 


(C+D )4 

3.56 

3.50 

Bs 

— 


(E+F), 

3.85 

3.94 

As 

— 


(E+F), 

3.85 

3.50 

1 

Bg 

* 


— Not significant. 

♦ Siffii&ant at 5% level, 

** Significant at 1% or liighly significant. 

Some samples, including wheat, received ^‘tender,*^ “tough,” and 
“normal” ratings on the same day. The wheat samples had a grand 
mean of 4.81 in comparison with a “normal” tenderness score of 5.0 
and the soy samples ranged from 4.70 for the 4% level of one ethanol 
flour to 4.92 for the 4% level of the other. Because the deviation 
from the normal was so small, the test of significance was not applied 
to these mean scores. 

Saylike Flavor, Judges readily distinguished between the wheat 
samples and any soy sample, as is shown by a comparison of the mean 
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scores in Table II (a and b). The mean score of 4.72 for wheat was 
significantly different from the mean score for the 4% and 8% levels 
of each of the soy samples (P = 0.01). Differences were not signifi¬ 
cant between two flours of the same kind (Table I la) except for the 
two hexane flours (A and B) at the 8% level. This difference suggests 
that the hexane process may vary from one processor to another. 

The 8% level of each soy flour had significantly more soylike flavor 
than the 4% level (Table lie) except for hexane A, the scores for which 
were 4.04 for the 4% and 3.94 for the 8% levels. None of the differ- 

TABLE III 

Statistical Significance of Differences in Desirability of Flavor 


Comparisons 

Sample and 
% Level of 
Soy 

Mean 

Score 

Mean 

Score 

Sample and 
% Level of 
Soy 

Significance 

a) Within type at each level 

Ai 

4.24 

4.25 

B4 

_ 

As 

4.12 

3.91 

Bg 

— 


c. 

4.04 

4.28 

D« 

— 


c, 

3.59 

3.98 

D, 

— 


E. 

4.38 

4.23 

F4 

— 


E, 

4.27 

4.04 

F, 

— 

b) Between wheat and soy 

Mean score of wheat (4.77) significantly different 

flour at each level 

from mean score of each of soy samples.** 


c) Between levels within a 
type 

(A+B). 

(C+D). 

4.24 

4.17 

4.01 

3.80 

(A+B), 

(C+D), 


(e4"E)4 

4.30 

4.15 

(E+F), 

— 

d) Between types within and 
between levels 

(A+B), 

4.24 

4.17 

(C+D). 

— 

A+B)4 

4.24 

4.30 

(E+F)4 

— 


(C+D). 

4.17 

4.30 

(E+F). 

— 


(A+B)4 

4.24 

4.15 

(e4-f)8 

— 


(A+B), 

4.01 

3.80 

(C+D), 

— 


(A+B), 

4.01 

4.15 

(E+F), 

— 


(C+D), 

3.80 

4.15 

(E+F). 



(E+F). 

4.30 

4.01 

(A-1-B)8 

* 


— Not significant. 

• Significant at S% level. 

• I Significant at 1% level, or highly significant. 


ences between the scores for the 4% soy flour levels (Table Ild) were 
statistically significant, although there was a little less soylike flavor in 
the ethanol-extracted soy flour than in either of the other two types. 
At the 8% level, however, the full-fat flours differed significantly from 
one of the hexane flours (A) and the two ethanol flours (E and F), 
being more pronounced in soylike flavor than any of them. One of 
the hexane soy flours (B) had a significantly more soylike flavor than 
the ethanol flours E and F; whereas the other did not. 

Desirability of Flavor, According to the judges, the bread baked 
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with all w'heat flour had significantly more desirable flavor than any 
of the soy breads. The mean score for desirability of flavor of the 
wheat sample was 4.77 (Table I lib) and the highest mean for any soy 
sample was 4.38 (E 4 , Table Ilia), indicating that in this study bread 
baked from wheat flour alone was preferred to that containing 4% or 
8% of the three types of soy flours. There was no significant differ¬ 
ence within 4% levels or within 8% levels of flours of the same type 
(Table Ilia). The 4% levels of the full-fat soy flours (C + D, Table 
I lie) had a significantly more desirable flavor than the 8% levels; 

TABLE IV 

Statistical Significance of Differences in Acceptability of Bread 


CompariBons 

Sample and 
% Le\elof 
Soy 

Mean 

Score 

Mean 

Score 

Sample and 
% Level of 
Soy 

Significance 

a) Within type at each level 

A4 

4.25 

. 4.30 

B. 



Ag 

4,24 

3.91 

B, 

— 


C4 

4.12 

4.36 

\h 

— 


Cs 

3.82 

4.02 

D. 

— 


E4 

4.42 

4.27 

F. 

— 


Es 

4.33 

4.11 

F. 

— 

b) Between wheat and soy 

Mean scores of wheat (4.80) significantly different 

flour at each level 

from mean score of each of soy samples.*** 


c) Between levels within a 

(A+B). 

4.28 

4.06 

(A+B), 


type 

(C+D)4 

4.25 

3.95 

(C-l-D), 



(E-l-F). 

4.34 

4.21 

(E-hF), 

— 

d) Between tjmes within and 

(A-t-B). 

4.28 

4.25 

(C+D). 

_ 

between levels 

(A+B)4 

4.28 

4.34 

lE+F)i 

— 


{C+D)4 

4.25 

4.34 

(E-l-F). 

— 


(A-t-Bh 

4.28 

4.21 

CE-I-F), 

— 


(a4-b)8 

4.06 

3.95 

fc+D), 

— 


A-t-B), 

4.06 

4.21 

(E+F), 

— 


(C-f-D). 

3.95 

4.21 

(E+F), 



E-1-F)4 

4.34 

4 06 

(A-i-B)8 

* 


— Not significant. 

* Significant at 5% 

Significant at 1% le\el, or highly significant. 


whereas the 4% and 8% levels were not significantly different for the 
hexane and ethanol soy flours. When comparisons were made between 
types of soy flour within and between levels (Table Illd) it was found 
that the 4% and 8% levels of ethanol-extracted soy flour (E -f F) were 
preferred to the 8% levels of hexane (A + B) and full-fat (C -4- D). 
There were no other significant differences. 

AcceptaMUty of Bread. The scores for acceptability of bread 
(Table IV) were slightly higher than those for desirability of flavor, 
indicating that factors other than flavor were considered in scoring for 
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acceptability. The acceptability scores, nevertheless, were very 
similar to those for desirability of flavor in that the wheat sample was 
significantly higher than any of the soy samples, the 4% level of full- 
fat was significantly higher than the 8% level, and the 4% and 8% 
levels of ethanol-extracted soy flour were preferred to the 8% levels of 
hexane and full-fat soy flours, respectively. 

Discussion 

The baking studies reported herein indicate that bread of excellent 
loaf volume and crumb grain may be made from hard winter wheat 
flour and soy flour blends including up to 8% of the latter. To secure 
these desirable results, however, it is necessary to use larger quantities 
of potassium bromate in the baking formula than is customary. 
These results, together with the high water absorption requirements 
and buffering properties noted for the soy flours in blends with the 
hard winter wheat flour, are in agreement with those previously 
reported by Finney (3) for blends of hard spring ^\heat flour and soy 
flour. 

Although excellent bread from the standpoint of loaf volume and 
crumb grain was made from the wheat-soy flour blends, these palat- 
ability studies indicated that the wheat bread had more desirable 
flavor than that baked from soy and wheat flour blends and that the 
bread made with 8% of full-fat soy flour was less desirable in flavor 
than that made with 4% of full-fat or with 8% of ethanol-extracted 
soy flour. These studies also indicated that full-fat soy flour is more 
easily detected than oil-free flours, particularly if as much as 8% is 
used in bread, and that 8% of soy flour, either oil-free or full-fat, is 
more easily detected in bread than 4%. 

The flour used in these studies contained more protein than the 
average flour used by commercial bakers. Thus all the conclusions 
do not necessarily apply to results which might be obtained in com¬ 
mercial practice with flours containing appreciably less protein. 
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PRODUCTION OF MOLD AMYLASES IN SUBMERGED 

CULTURE 

n. FACTORS AFFECTING THE PRODUCTION OF 
ALPHA-AMYLASE AND MALTASE BY CERTAIN 
ASPERGILLU « 

Henry M. Tsuchiya, Julian Corman, and Harold J. Koepsell 

ABSTRACT 

The deleterious ellect of low terminal pH in mold cultures on the 
yield of fungal alpha-amylase, previously reported by various investigators, 
appears to be due to the inactivation of the enzyme at low pH. Tests 
showed that fungal alpha-amylase becomes increasingly labile at pH 
values below 4.5. On the other hand, the stability of fungal maltase is 
fairly constant over a pH range of 4.2 to 7.25. 

In the absence of calcium carbonate, the terminal pH of cultures of 
Aspergillus niger NRRL 337 can be controlled by adjustment of the concen¬ 
trations of medium ingredients, namely, distillers' thin stillage solids derived 
from the alcohol fermentation of corn mash and com meal. Increasing the 
thin stillage solids content of the medium results in the rise of terminal pH 
with a consequent increase in yield of alpha-amylase. Increasing the com 
meal content of the medium results in a lowering of terminal pH. It also 
results in an increase in yield of maltase. By adjusting the concentrations of 
distillers* thin stillage solids and com meal in the medium, it is possible to 
control to some degree, the jdelds of both alpha-amylase and maltase. 

Incorporation of calcium carbonate in the medium in concentrations, 
previously recommended, results in a lowering in the jdeld of maltase. 
However, calcium chloride does not exhibit this deleterious effect. Inas¬ 
much as the terminal pH can be controlled in the absence of calcium carbon¬ 
ate by using the proper amounts of thin stillage solids, it is recommended 
that calcium carbonate be eliminated from the medium used for production 
of fungal amylase. 

Although variation in concentrations of distillers’ thin stillage and - 
com meal in the medium affect the production of alpha-amylase and 
maltase in cultures of Aspergillus fiiger NRRL 330 and A. orysae NRRL 
458, the effect is not as marked as with carbohydrase production by A, 
niger NRRL 337. 

The preparation of “fungi diastase” by the submerged culture 
propagation of Aspergillus oryzae in distillers’ thin stillage and the 
utilization of such liquors as the converting agent in distillery opera¬ 
tion was proposed by Woolner and Lassloffy as early as 1909 (13). 
Until recently, however, little or no interest has been displayed in this 
country in the replacement of distillers’ malt by fungal amylases 

I Manuscript received January 2, 1950. 

* Contribution from Northern Regional Research Laboratory, Peoria, Illinois. One of the lab- 
orotories of the Bureau of Agricultural and Industrial Chemistry, Agricultural Research Administration, 
U. S. Department of Agriculture. 
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produced in submerged culture. In order to obviate the shortcomings 
inherent in the Amylo process, Erb and Hildebrandt (3) modified the 
process by supplementing the mold amylase produced in submerged 
culture of Rhizopus delemar with a small amount of malt. 

The complete replacement of malt with culture liquors of Asper¬ 
gillus niger NRRL 337 produced by submerged culture processes was 
first reported by Van Lanen and LeMense (12). Since this communi¬ 
cation, Adams et al. (1), Erb et al. (4) and the Northern Regional 
Laboratory investigators (S, 2, 11) have published their findings with 
A, niger NRRL 337. The culture liquor of this mold contains at 
least two carbohydrases, alpha-amylase and maltase. The former is 
responsible for the dextrinization of starch. Schwimmer (9) and 
Corman and Langlykke (2) demonstrated the significant role the 
latter plays in the production of fermentable sugars from starch. 
Although the possible presence of at least one other carbohydrase has 
been detected by Tsuchiya, Montgomery and Corman (11), this 
report is concerned with the factors affecting the yields of alpha- 
amylase and maltase in submerged culture. 

Material and Methods 

Production of Fungal Amylase Preparations, Stock cultures of 
molds were maintained on a medium containing distillers* thin stillage 
derived from the alcohol fermentation of a corn mash (5% on solids 
basis or 1.5% on protein basis), soluble starch (2%), and agar (2%). 
After such stock cultures had sporulated, they were stored at 4®C. 

The inoculum was prepared in the following manner: A 24-hr. 
slant culture was first prepared on the same medium as that used for 
slock cultures. A loopful of mold was then transferred to 100 ml. of 
the same medium, less agar, contained in 500 ml. Erlenmeyer flask. 
The flask was aerated on a reciprocal shaker for 24 hr. 

Five ml. of the 24-hr. shake flask culture were used to inoculate 
200 ml. of the fungal amylase production medium in 1 liter Erlenmeyer 
flasks containing variable amounts of corn meal and distillers* thin 
stillage as the sole ingredients. In some experiments calcium car¬ 
bonate was also used. The exact medium composition will be given in 
detail later. The culture was aerated for 6 days at 30°C. on a recipro¬ 
cal shaker. The mold mycelium was filtered off and the filtrate tested 
for alpha-amylase and maltase activity. 

Alpha-amylase Activity. Alpha-amylase was determined by the 
Olson, Evans, and Dickson (7) modification of the Sandstedt, Kmeen, 
and Blish (8) procedure. A unit of alpha-amylase is that amount of 
enzyme which dextrinizes 1 g. of beta-amylase treated starch in 1 hr. 
at 20**C. 



324 


a-AMYLASE AND MALTASE FROM ASPERGILLI 


Vol 27 


Maltase Activity, A unit of maltase is that amount of enzyme 
which hydrolyzes 1 mg. of maltose monohydrate in 1 hr. at 30®C. 
The method depends on the observation that an increase of 78% in 
reducing power is obtained when maltose monohydrate is hydrolyzed 
to glucose under conditions given below. There is a stoichiometric 
relationship between the amount of enzyme and hydrolysis rate, 
within limits, when the rate is calculated from the difference in maltose 
hydrolyzed at IS and 120 min. 

Reagents: 

(1) Acetate buffer (pH 4.4) solution, 6.0 M. 217 ml. of glacial 
acetic acid and 183 g. of anhydrous sodium acetate are diluted to one 
liter with water. 

(2) Acetate buffer, 0.3 ilf, maltose substrate, 0.06 M solution. 
2.35 g. of maltose monohydrate (92% pure as calculated on reducing 
value; e.g., Eastman Kodak Company product) and 5 ml. of acetate 
buffer (I), are diluted to 100 ml. with water. 

(3) Sulfuric acid solution, 1N\ sodium hydroxide solution, liY; 
phenolphthalein indicator. 

(4) Reagents for sugar estimation by method of Somogyi (10). 

Determination of Maltase Activity. S ml. of fungal amylase 

preparation (culture filtrate) and 10 ml. of buffered substrate solution 
(2), both attempered to 30®C. (86®F.), are mixed in a test tube and 
held in a water bath at 30®C. After 15 min., a 3 ml. aliquot of the 
reaction mixture is transferred to a 100 ml. volumetric flask containing 
3 ml. oil N sulfuric acid to stop the maltose hydrolysis by acid inacti¬ 
vation of the enz^mie. After 120 min., a second 3 ml. aliquot of the 
reaction mixture is treated in similar manner. 

After the acid inactivation of enzyme for 10 min., the acidified 
reaction mixtures are adjusted to the phenolphthalein end point with 
1 N sodium h^^droxide solution and made up to 100 ml. with water. 
5 ml. aliquots are taken for analyses for reducing value (R.V.) by the 
method of Somogyi using the 20 min. heating period. By this pro¬ 
cedure, the R.V. of the reaction mixture after 15 and 120 min. hydro¬ 
lyses are obtained. The R.V. are measures of the glucose produced, 
the residual maltose, and the reducing sugars originally present in the 
enzyme preparation. 

Calctdation: 

a = R.V. of 15 min, reaction mixture, 

i = R,V. of 120 min. reaction mixture. 

X (glucose equivalent of Na 2 S 203 solution X 1.78) X 20 X ^ 
mg. maltose hydrolyzed per ml. of enzyme preparation per hr. 
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Precautions: 

(1) Hydrolysis rate values should be between 2 and 10 mg. maltose 
hydrolyzed per ml. enzyme preparation per hr. to be acceptable. 
Values in higher range are preferred. 

(2) A pH of 4.4 must prevail in reaction mixture. Fungal amylase 
preparations highly buffered at pH values other than 4.4. must be 
adjusted to approximately this point before test. 

(3) The copper reagent used in sugar analyses should be measured 
with a pipe! rather than a buret. 

Results and Discussion 

Effect of pll on Enzymes. LeMense and his associates (5) showed 
that yields of alpha-am 3 dase are lowered in cultures with low terminal 
pH. They recommended that calcium carbonate be incorporated as a 


TABLE I 

Effect of pH on Stability of Carbohydrases of Aspergillus niger NRRL 337 


Cultuie Filtrate 

Alpha-amylase 

Maltase 

pH 

unUs/ml. 

units/ml. 

4.2 

2.3 

2.9 

4.45 

6.7 

2.7 

4.75 

8.4 

2.9 

5.7 

8.6 

2.8 

6.5 

8.6 

2.9 

7.25 

8.4 

2.7 


Temperature: 30®C. 

Time; 18 hr. 

Original alpha-amylase content: 8.6 units/ml. 
Original maltase content: 2.8 umts/ml. 


buffering agent in the medium used for the propagation of molds for 
maximal yield of this enzyme. Inasmuch as the yield is a function of 
both stability and formation of the enzyme, the effect of pH on the 
stability of mold alpha-amylase and maltase of A. niger NRRL 337 
was first studied. Culture filtrates were adjusted to various pH 
values between 4.2 and 7.25 with buffers and held at 30®C. for 18 hr. 
The data in Table I indicate that alpha-amylase was stable over a pH 
range of 4.75 to 7.25. However, some destruction of the enzyme 
occurred at pH 4.45 and considerable inactivation took place at 4.2. 
On the other hand, maltase was stable over the entire range tested. 
If alpha-amylase were stable over the entire range, such a fact would 
have suggested that the enzyme is not produced in culture of low pH. 
However, since it was inactivated at low pH values, the possibility 
existed that it may be produced and subsequently inactivated under 
acid conditions. 
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TABLE II 

Effect of Initial pH on Yields of Carbohydrasls in Cultures of Aspergillus 

niger NRRL 337 


pH 

Alpha-amylabC 

Malta&e 


units/ml. 

umts/ml. 

3.7 

3.5 

12.3 

4.2 

8.9 

12.7 

4.5 

11.4 

12.1 

5.0 

11.9 

12.8 

5.7 

12.1 

12.8 

6.25 

8.6 

12.5 


The effect of initial pH of the medium on enzyme yield was studied 
by varying the pH with 1 N sodium hydroxide or hydrochloric acid 
over the range of 3.7 to 6.25. A, niger NRRL 337 was grown in a 
2% corn and 5% thin stillage solids medium to which calcium car¬ 
bonate was not added. The results shown in Table II indicate that 
yields of alpha-am 3 ’lase decreased when the initial pH was lowered 
below 4,5 or raised above 5.7. Since the enzyme is stable at pH values 
up to 7.25, the results together with those from the previous experi¬ 
ment indicate that alpha-am^dase production is inhibited at the higher 
pH, On the other hand, maltase fields were constant over the entire 
range tested. 

Effect of Medium Composition on Terminal pH and Enzyme Yields, 
Inasmuch as the results were at variance with those reported by 
LeMense and his associates (5) and also b}" Erb and his coworkers (4), 
namely", that calcium carbonate must be incorporated in the medium 
for adequate enz^^-me production, this phenomenon was examined more 
closely". It appeared that the pH had been controlled by the composi¬ 
tion of our medium. Since it is frequently possible to control the 
pH in growing cultures by adjusting the amounts of carbon and 

TABLE III 

Effect of Medium Composition on Terminal pH of Cultures of Aspergillus 

niger NRRL 337 


Corn % 


Thin StUIage 
SoUds 

2 

i 

5 

7 

10 

Terminal pH of culture filtrates 

% 





1 

3.5 

3.2 

3.3 

3.5 

3 

4.7 

4.0 

3.9 

3.9 

5 

4.5 

4.2 

4.1 

4.0 

7 

4.6 

4.3 

4.3 

4.1 
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nitrogen sources (e.g., increasing the former lowers the pH whereas 
increasing the latter raises the pH), the effect of varying iJie corn and 
thin stillage solids contents of the medium was tested. The corn con¬ 
centration was varied from 2 to 10% and the thin stillage solids level 
from 1 to 7%. The initial pH on the various media was adjusted to 
5.2 with 1 N sodium hydroxide after sterilization. The effect on 
terminal pH of cultures of A. niger NRRL 337 is shown in Table III. 
As the concentration of corn is increased the terminal pH usually 
drops, but as the level of thin stillage solids is increased, the pH rises. 
The terminal pH in cultures containing calcium carbonate is approxi¬ 
mately 5.0. This would appear to explain the discrepancy found 
between the data of LeMense and his associates (5) and ours. Pre- 



■ Corn, 2% 
•Corn, 5% 
-Corn, 7% 



THIN STILLAGE SOLIDS, PERCENT THIN STILLAGE SOLIDS, PERCENT 


Fig 1. 


Effect of medium composition on maltase and alplia-amylabe production of AspergtUus niger 

NRRL 337. 


sumably, they worked with thin stillage in which the solids content 
was often low, and therefore, in the absence of calcium carbonate, the 
pH dropped to low values although low levels of corn were used. This 
resulted in a destruction of alpha-amylase. In the present experi¬ 
ments the thin stillage solids level of the mold culture medium was con¬ 
trolled by dilution of thin stillage sirup. Thus, by controlling the 
concentration of thin stillage solids contents, we controlled the term¬ 
inal pH. 

Perhaps more interesting than the effect of corn and thin stillage 
solids levels on the terminal pH of cultures was their effect on yields 
of maltase and alpha-amylase with A. niger NRRL 337. The yield 
of maltase at low levels of thin stillage solids is dependent upon the 




328 


a-AMYLASE AND MALTASE FROM ASPERGILLI 


Vol. 27 


concentration of corn as indicated in Fig, la. Although the use of 
higher concentrations of corn generally results in both the lowering of 
pH and the improvement in yields of maltase, evidence at hand indi¬ 
cates that factors other than pH are also involved. The beneficial 
effect of corn on the elaboration of fungal amylases has also been 
reported by Erb and his associates (4), As the stillage solids concen¬ 
tration is increased to optimal level, the effect of corn is minimized to 
some extent. As can be seen from Fig. lb, thin stillage solids exert a 
marked effect on the yield of alpha-amylase. At 1% level, only trace 
amounts of this enzyme are elaborated, even in medium containing 
10% corn. The low terminal pH values of these cultures probably 
destroyed this enzyme. As the thin stillage solids concentration is 



Fig. 2. Effect of medium composition of maltase and alpha-amylase production of Aspergillus niger 

NRRL 330. 

increased, the terminal pH rises with a corresponding increase in the 
alpha-amylase content. That some other factor is also operative in 
the yield of alpha-amylase after the pH reaches 3.9, is seen by the 
fact that yields increase faster in media containing the higher concen¬ 
trations of com. 

To see if enzyme yields could be controlled as readily with other 
organisms, this experiment was repeated with A, niger NRRL 330, 
a high maltase and low alpha-amylase producing mold, and A. oryzae 
NRRL 458, a low maltase and moderate alpha-amylase producing 
organism. Essentially the same effects are obtained with A. niger 
NRRL 330 (Figs. 2a and 2b). Increasing the level of com to an 
optimal point raises the yield of maltase and increasing the concentra- 





July. 1950 H M, TSUCHIYA, J. CORMAN, AND H J KOEPSELL 


329 


—Corn, Z% 
'•••Corn, 5% 



THIN STILLAGE SOLIDS, PERCENT THIN STILLAGE SOLIDS, PERCENT 

Fig 3 Effect of medium composition on maltase and alpha-ams-lase production of Aspetgtllus oryzae 

NRRL458 

tion of thin stillage solids raises the yield of alpha-amylase. On the 
other hand, varying the concentrations of corn and stillage solids has 
very little, if any, effect on the yields of these two enzymes by A. 
oryzae NRRL 458 (Figs. 3a and 3b). 

Effect of Calcium Carbonate on Enzyme Production. The maltase 
yields found with A. niger NRRL 337 in 2% corn and 5% thin stillage 
solids medium appeared to be higher than those previously obtained 
with medium containing calcium carbonate. Therefore, controlled 
experiments were carried out to investigate the effect of calcium 
carbonate on enzyme production. The data from one of these ex¬ 
periments are shown in Figs. 4a and 4b. Calcium carbonate lowered 
the maltase yield at 0.05 M concentration and drastically inhibited the 
production of both alpha-amylase and maltase at 0.1 if level. It will 
be noted that at 0.05 M concentration, which is approximately 
equivalent to the 0.5% concentration recommended by LeMense and 




Fig. 4. Effect of calcium carbonate and calcium cblonde on maltase and alpha-amyla&e production of 

AspergfUus mger NRRL W7. 
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his associates (who evaluated fungal amylase cultures on the basis of 
alpha-amylase potencies because the role of maltase in the production 
of fermentable sugars was not clearly understood at that time), the 
alpha-amylase yield is not lowered. Calcium chloride affects only 
slightly the yields of both maltase and alpha-amylase. Thus, it 
would appear that the calcium ion inhibits only slightly, if at all, the 
yield of maltase and benefits slightly the yield of alpha-amylase. The 
reason for the deleterious effect of calcium carbonate on the production 
of maltase is not yet known. It is not attributable to the calcium ion. 
Calcium carbonate is not required for the production of alpha-amylase, 
provided the thin stillage solids concentration is sufficient to buffer 
adequately cultures of A. niger NRRL 337. For maximal yields of 
maltase, calcium carbonate should be eliminated from the medium. 
Pilot-plant studies which will be reported elsewhere bear out the con¬ 
clusions reached from these experiments. 

Literature dted 

1. Adams, S. L., Balankura, B., Andreasen, A. A., and Stark, W. H. Sub¬ 

merged culture of fungal amylase. Ind. Eng. Chem. 3P: 1615-1617 (1947), 

2. CoRMAN, JULUN, and Langlykke, A. F. Action of mold enzymes in starch 

saccharification. Cereal Chem. 25: 190-201 (1948). 

3. Erb, N, M., and Hildebrandt, F. M. Mold as an adjunct to malt in grain 

fermentation. Ind. Eng. Chem. 38: 792-794 (1946). 

4. Erb, N. M., Wisthoff, R. T., and Jacobs, W. L. Factors affecting the produc¬ 

tion of amylase by Aspergillus niger strain NRRL 337, when grown in sub¬ 
merged culture, j. Bact. 55: 813-821 (1948). 

5. LeMense, E. H., Corman, J., Van Lanen, J. M., and Langlykke, A. F. Pro¬ 

duction of mold amylases in submerged culture. J. Bact. 54: 149-159 (1947). 

6. LeMense, E. H., Sohns, V. E., Corman, J., Blom, R, H., Van Lanen, J. M., 

and Langlykke, A. F. Grain alcohol fermentations. Submerged mold 
amylase as a saccharifying agent. Ind. Eng. Chem. 41: 100-103 (1949). 

7. Olson, W. J., Evans, Ruth, and Dickson, A. D, A corrected unit of alpha- 

amylase activity. (Communication to the editor.) Cereal Chem. 24: 299- 
300 (1947). 

8. Sandstedt, R. M., Kneen, E., and Blish, M. J. A standardized Wohlgemuth 

procedure for alpha-amylase activity. Cereal Chem. 16: 712-723 (1939). 

9. ScHWiMMER, S. Tne rOle of maltase in the enzymolysis of raw starch. J. Biol. 

Chem. 161: 219-234 (1945). 

10. SoMOGYi, M. A new reagent for the determination of sugars. J. Biol. Chem. 

160:61-68 (1945). 

11. Tsuchiya, H. M., Montgomery, Edna, Corman, J. Hydrolysis of the alpha- 

I, 6-glucosidic linkage in isomaltose by culture filtrate of Aspergillus niger 
NRRL 330. (Communication to the editor.) J. Am. Chem. Soc. 71: 3265 
(1949). 

12. Van Lanen, J. M., and LeMense, E. H. The production of fungal amylases 

in submerged culture and their use in the production of industrial alcohol. 

J. Bact. 51:595. Abstract (1946). 

13. Woolner, a., Jr., and Lassloffy, A. Manufacture of Alcohol. U. S, Patent 

923,232 (1909). 



THE EFFECT OF CRUST ON CHANGES IN CRUMBLINESS AND 
COMPRESSIBILITY OF BREAD CRUMB DURING STALING^ -^ 

W. B. Bradley and J. B. Thompson 
ABSTRACT 

A series of experiments were made with normal and decrusted bread to 
determine if the moisture migration from the crumb to the crust had any 
effect upon the compressibility or crumbliness tests which are employed to 
follow the progress of crumb staling. Although moisture determinations 
revealed a loss of moisture from the crumb of the intact loaves amounting to 
8% of the crumb moisture and a relatively constant moisture in the de¬ 
crusted crumb during the course of the experiments, the rate and extent of 
changes in crumbliness and compressibility of the intact and decrusted bread 
were not appreciably different. 

The changes in the crust of bread which occur during staling have 
generally been recognized as being caused by absorption of moisture. 
The sources of this moisture are known to be the internal crumb of the 
bread and, perhaps in some cases of high humidity, the atmosphere. 
In the case of modern-wrapped bread, the crumb is the more important 
source of moisture. 

Geddes and his associates (1) have shown that appreciable quanti¬ 
ties of water migrate from the crumb to the crust of bread which has 
been sealed in metal cans to prevent loss of moisture to the atmosphere. 
They reported the moisture content of the crust to increase from IS.4% 
for the fresh-baked loaf to 27.3% after six days of storage. Simul¬ 
taneously, the moisture content of the central crumb decreased from 
45.1% in the fresh bread to 37.0% in that stored for six days. 

Moisture changes of this magnitude might be expected to decrease 
the compressibility of bread crumb and increase its crumbliness. Ex¬ 
periments were accordingly undertaken to determine whether this 
migration of moisture is a significant factor in results of such measure¬ 
ments on bread crumb after various intervals of storage. 

Materials and Methods 

Preparation and Storage of the Bread. For each series of experi¬ 
ments, 18 loaves of bread were baked from dough of the following 
formula: 

1 Manuscript received December 15, 1949. 

* Contribution from American Institute of Baking, Chicago, Illinois. ^ ^ . 

The study on which this article is based was made by the American Institute of Baking, under 
contract with the U. S. Department of Agriculture. The work was done under authority of the Re¬ 
search and Marketing Act. 
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Flour 

Sugar 

Nonfat Dry Milk Solids 

Shortening 

Salt 

Yeast 

Arkady 

Calcium Propionate 
Water 


% 

100 

4 

3 

3 

2 

2 

0.25 

1.0 

Variable 


The results of preliminary studies with bread containing 0.3% of 
calcium propionate indicated a decrease in the moisture content of the 
crumb from the intact loaves of about 4% and an increase in crust 
moisture of about 9% in 96 hr. The crustless bread, however, was 
found to have a significantly higher moisture content than initially 
after the first 24 hr. due to growth of mold. Precautions were there¬ 
fore necessary to prevent microbiological contamination of the samples 
used. Consequently, the calcium propionate in the bread formula 
was increased to 1% and a technique of preparing the decrusted bread 
was developed. 

As soon as the bread cooled (about 114 J^^s. after removal from the 
oven), eight of the loaves were carefully stripped of the outer 1 cm. of 
crust and outer crumb by means of a thin-bladed knife, honed to razor 
sharpness, to minimize the possibility of mechanical damage to the 
fresh crumb. Handling of the crumb was avoided in an attempt to 
minimize its contamination with micro-organisms. 

The crumb-sections and eight intact loaves were immediately 
placed in individual heat-sterilized, press-top tin containers and stored 
in a constant temperature cabinet at 3S°C. The remaining two 
loaves were used immediately for moisture, compressibility, and 
crumbliness determinations. 

Moisture DeterminaHons, Moisture determinations were made 
daily upon the center crumb from the entire and the crustless loaves 
and on the crust from the intact loaves. A section of center crumb 
weighing about 30 g. was weighed to the nearest centigram and air- 
dried overnight. The dehydration was then completed in a vacuum 
oven. 

The moisture of the crust from the intact loaf was determined after 
the removal of as much crumb as possible. These determinations 
represented the moisture content of only the outer S-i mm. of crust 
which was composed essentially of the highly caramelized material. 

Compressibility Determinations. Compressibility measurements 
were made upon three slices from each of two loaves of the bread. The 
crust was cut from the intact bread, and all slices were trimmed to 
provide sections 2.5 X S X 5 cm. in size. 
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The compressibility of these sections was determined by means of a 
penetrometer of the type specified by the American Society of Testing 
Materials for use with petroleum products, ais reported by Sumner and 
Thompson (2). The penetration cone was replaced by a disk 3 cm. in 
diameter. The surface of the crumb-section was raised to this plate, 
which was then released to compress the crumb under a total load of 
21S g. for 10 sec. The average of six such measurements was taken 
as the compressibility value. 

Crumhliness Determinations. The crumbliness of the bread crumb 
was determined by a variation of a procedure reported by Bice and 
Geddes (1) and previously used by Sumner and Thompson (2). 

Fifty grams of 12 mm. cubes were cut with the aid of a miter box 
and placed in a U. S. No. 4 sieve equipped with a catch pan and lid. A 
sheet metal disk 18 cm. in diameter and weighing 56 g. was placed on 
top of the cubes and shaken in a Precision Scientific Shaker for IS min. 
The sifted crumb was weighed to the nearest centigram and taken as a 
measurement of crumbliness. 


Results 

Storage at 35^C, The results of daily moisture, compressibility and 
crumbliness measurements on intact and crustless loaves stored at 
3S®C. for four days are presented in Table L A significant migration of 
moisture from the crumb to the crust occurred, although its magnitude 

TABLE I 

Moisture, Compressibility, and Crumbliness Changes in Breads 

Stored at 35°C. 


Age 

Bread with Crust 

Bread without Crust 

Moisture 

Compress- 

ibihty 

Cnimbli- 

ness 

Moisture 

Compress¬ 

ibility 

Crumbh- 

ness 

Crumb 

Crust 

Crumb 

hrs. 

Total 

Lo^s 

Total 

Gatn 

mm. 

i. 

Total 

Lots 

mm. 

g. 


% 

% 

% 

% 



% 

% 



1.5 

44.9 

Plil 

25.1 

0.0 

12.1 

0.16 

44.9 

0.0 

12.1 

0.16 

24 

43.6 

2.9 

30.5 

21.5 

8.7 

0.74 

44.7 

0.4 

8.2 


48 

00 

4.2 

31.7 

26.3 

5.6 

1.18 

44.1 

1.8 

6.6 


72 

42.4 

5.6 

32.1 

30.2 

4.5 

1.76 

44.4 

1.1 

4.8 


96 

41.4 

7.8 

32.9 

31.0 

4.2 

2.79 

44.8 

0.2 

4.7 

4.69 


was much less than that reported by Bice and Geddes (1). There was 
no significant change in the moisture content of the decrusted bread 
during the period of the experiment. In spite of the definite decrease 
in crumb moisture of the intact loaves, there was no difference between 
their compressibility and that of the crustless loaves when moisture 
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TABLE II 

^-loisTURE, Compressibility, and Crumbliness Changes in Bread 
Stored at 24®C. 


Bread with Crust 


Bread without Crust 


Age 

Moisture 

Compress¬ 

ibility 

Crumbli¬ 

ness 

Moisture 

Compress¬ 

ibility 

Crumbli¬ 

ness 


Crumb 

Crust 

Crumb 

krs. 

Total 

Loss 

Total 

Gain 

mm. 

g- 

Total 

Loss 


g- 


% 

% 

% 

% 



% 

% 



1.5 

42.9 

0.0 

iTtlil 

0.0 

9.1 

0.53 

42.9 



0.53 

24 

40.5 

5.6 

25.8 

KM 

4.0 

1.77 

42.5 

0.9 


2.05 

48 

39.5 

7.9 

•27.5 

37.5 

1.9 

7.10 

42.5 

0.9 

2.0 

8.42 

72 

39.5 

7.9 


E[m 

1.9 

12.49 

42.3 

1.4 

1.7 

9.62 

96 

39.4 

8.2 


53.5 

1.5 

15.71 

42.6 

0.7 

1.5 

13.16 


migration was prevented. The crumbliness values were also remark¬ 
ably similar except on the last day of measurement. 

Storage at 24^C. The data obtained in a similar study on breads 
stored at 24®C. are presented in Table II. The moisture content of the 
crumb from the intact loaves was found to decrease at the same rate 
as occurred in that stored at 35°C., though there was a slight decrease 
in the rate of moisture increase in the crust. The compressibility 
and crumbliness values of the crustless and intact bread were not 
appreciably different at each time interval. 

Discussion 

The results of these experiments indicate that the normal loss of 
moisture from bread crumb due to migration of water to the crust has 
little or no influence upon values obtained by applying the compres¬ 
sibility and crumbliness tests for the evaluation of staling. These two 
physical tests would appear to measure the effects of physical or 
chemical changes in the bread crumb which are known as staling and 
are not related to, or affected by, gross moisture migrations from one 
part of the loaf to another. In general, the miration of moisture from 
the crumb to the crust of bread caused an increase of as much as 50% 
of the initial moisture content of the latter in a 96-hr. period. During a 
like interval, a migration of approximately 8% of the center crumb 
moisture was found. In the case of bread from which the crust had 
been removed and which was stored to preclude evaporation, there was 
no change in crumb moisture. 

Boutroux (3) was one of the first to theorize concerning the cause of 
bread staling. He postulated that during the staling of bread, mois¬ 
ture migration from crumb to crust caused the crumb to become dry 
and firm and the crust to become soft and leathery. He believed that 
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heating refreshened bread by driving the water from the crust back 
into the crumb, thus softening the crumb and producing a fresh, crisp 
crust. His theory has long since been discarded because of the in¬ 
ability of subsequent investigators to find a supersaturated solution of 
amylodextrin in fresh bread, which was also a hypothesis included in 
his theory. 

Data presented in this paper add further to the denial of the validity 
of Boutroux’s theory. If either crumbliness or compressibility of 
crumb is a measure of bread staling, then staling is in no way de¬ 
pendent upon migration of water from the crumb to the crust, because 
the rate and extent of change of crumbliness and compressibility are 
as great in the crumb of bread in which migration of water is prevented 
as in the crumb of an intact loaf. 
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CHARACTERIZATION OF WHEAT GLUTEN 
n, AMINO ACID COMPOSITION'* ^ 

James W. Pence, Dale K. Mecham, Angeline H. Elder, James C. 
Lewis, Neva S. Snell, and Harold S. Olcott 

abstract 

The amino-acid compositions of glutens prepared by ordinary washing 
procedures from 17 different flours were determined principally by micro¬ 
biological assay methods. The compositions of the glutens were found to be 
essentially uniform, despite the wide range in type and source of the wheats 
and in the protein contents and baking characteristics of the flours from 
which the glutens were obtained. The average values, which are believed 
to be minimal because of the considerable amount of carbohydrate present 
during aerd hydrolysis, are: ammonia, 4.5; alanine, 2.2; arginine, 4.7; 
aspartic acid, 3.7; cystine plus cysteine, 1.9; glutamic acid, 35.5; glycine, 

3.5; histidine, 2.3; isoleudne, 4.6; leucine, 7,6; lysine, 1.8; methionine, 1.9; 
phenylalanine, 5.4; proline, 12.7; serine, 4.7; threonine, 2.6; tryptophan, 

1.1; tyrosine, 3.1; valine, 4.7; as per cent of protein of theoretical nitrogen 
content of 17.5%. 

1 Manuscript received January 3, 1950. Paper I of this series was published in Cereal Chem. 24: 
407-414 (1947). 

* Contribution from Western Regional Research Laboratory. Bureau of Agricultural and Industrial 
Chemistry. Agricultural Research Administmtionr U. S. Department of Agricu ture, Albany. California. 



336 


AMINO ACIDS OF WHEAT GLUTEN 


Vol. 27 


Despite a number of attempts, no one has yet succeeded in finding a 
complete explanation for the differences in baking behavior of different 
flours. It is known that the amount of protein present is an important 
factor, yet flours with equal protein content often differ markedly In 
baking quality. As part of a systematic study of the factors respon¬ 
sible for these differences, we have now analyzed glutens from 17 
flours of widely varying characteristics for their amino acid composi¬ 
tion. No appreciable differences were found. Nevertheless, the 
analyses are presented, inasmuch as they are probably more nearly 
complete and accurate than those hitherto available. 

Materials and Methods 

The flours used were straight-grade, unbleached flours experimen¬ 
tally milled from samples of pure varieties. The series included 
wheats of all major types and showed a wide range of protein content 
and baking behavior. Loaf volumes obtained in this Laboratory 
ranged from 435 cc. to 890 cc., using the baking formula of Finney and 
Barmore (5) with optimum bromate and mixing time. 

Glutens were prepared from the flours by hand-washing doughs 
with the 0.1%, pH 6.8 phosphate buffer of Dill and Alsberg (4). The 
glutens contained, on the average, 88% of the flour nitrogen and 76% 
of the flour sulfur, Hydrolyzates for amino acid analysis were pre¬ 
pared by refluxing 2.5 g. of lyophilized gluten in 50 ml. of 6 W hydro¬ 
chloric acid for 18 hr. Sufficient starch was added to each sample 
before hydrolysis so that all samples contained 12% nitrogen.® Most 
of the hydrochloric acid was removed by repeated concentration of the 
hydrolyzate under vacuum; after dilution to volume (100 ml.), the 
hydrolyzates were allowed to stand overnight before removal of the 
insoluble humin by filtration. Aliquots were neutralized for micro¬ 
biological assay. 

Tryptophan was determined in unhydrolyzed gluten by the method 
of Horn and Jones (6). Cystine-plus-cysteine values were obtained on 
hydrolyzates by a method (10) based on that of Vassel (14). Values 
for the remaining amino acids were obtained by microbiological assay 
of hydrolyzates with the following organisms: Leuconostoc mesenter- 
aides P-60 (ATCC 8042) (arginine, aspartic acid, glycine, histidine, 
lysine, methionine, phenylalanine, proline, serine, and tyrosine); 
LactoiacUlus ardbinosus 17-5 (ATCC 8014) (glutamic acid, isoleucine, 
leucine, methionine, and valine); Leuconostoc cUrovorum (ATCC 8081) 
(alanine and serine); Streptococcus faecaUs R (ATCC 8043) (threonine). 

t The different samples of Trashed glutens contained varying quantities of residual starch. The 
addition of starch to constant nitrom content vas designed to minimise -variations in amino acid 
composition that might have resulted from destruction of amino adds during hydrolysis by reaction with 
carbohydrate break-down products# 
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Details regarding the basal media, standards, and procedure will be 
described elsewhere (7). Amide nitrogen of the glutens was deter¬ 
mined by a method previously described (11). 

Results and Discussion 

The variety, type, and source of each of the 17 wheats and the 
amino acid contents of the corresponding glutens (calculated to 17,5% 
nitrogen** are presented in Table I. 

The variation in amino acid contents among the glutens is quite 
small in most instances, although the range of values exceeds 20% of 
the mean for several of the amino acids. The coefficients of varia¬ 
bility (standard deviation expressed as per cent of the mean), however, 
fall between 2.8 and 7.3%, which indicates that the dispersions of 
values around the means are quite small generally. Such variations 
are insignificant in face of the ±10% limit of error often applied to 
microbiological amino acid assays. 

Of particular interest are comparisons between pairs of flours of 
almost equal protein content but widely different baking charac¬ 
teristics. Two such pairs are: Turkey (Kansas) and Red Chief 
(Kansas); Comanche and Chiefkan. In each case, the latter of the 
pair is inferior as shown not only by experience in the baking industry 
but also confirmed by baking tests both in this Laboratory and else¬ 
where, with the particular flours. Loaf volumes obtained in this 
Laboratory for the Turkey (Kansas) and Red Chief (Kansas) flours 
were 665 cc. and 515 cc,, respectively, and 630 cc. and 530 cc. for the 
Comanche and Chiefkan flours. Casual inspection reveals no trends 
upward or downward in the amount of any particular amino acid in 
the better member of the pairs. With Comanche and Chiefkan 
particularly, the analyses are almost identical. 

The general uniformity of composition of the glutens is in agree¬ 
ment with the earlier reports of Blish (1) and Cross and Swain (3), who 
found no significant variation in amino acid composition among 
gliadins and glutenins prepared from different types of flour. How¬ 
ever, McElroy et al. (9) analyzed whole wheats and obtained evidence 
that significant, although small, differences in lysine, arginine, and 
valine contents existed among different samples of a single variety 
(Marquis). These variations, of course, may reflect differences in the 
non-gluten nitrogenous components. Similarly, some of the variations 
in the series of analyses shown in Table I may reflect the presence of 
small amounts of non-gluten proteins. As an example, the slightly 
low amide nitrogen content of the glutens obtained from the three 

« The 17.5% nitrogen corresponds to the factor. 5.7. traditionally used by cereal chemists to convert 
per cent nitrogen in wheat flour to per cent protem. 
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flours of lowest protein content can possibly be ascribed to the diffi¬ 
culties of washing these glutens uniformly free from the other proteins. 

It should be emphasized that the amino acid contents found are 
minimum values, inasmuch as considerable destruction may have 
occurred as a result of the presence of the relatively large amounts of 
carbohydrate® substances during acid hydrolysis. Cystine, methio¬ 
nine,® tyrosine, triptophan, and the basic amino acids are affected by 
such treatment (13, 8). Serine and threonine are known to be partially 
destroyed even in the absence of carbohydrate (12). Nevertheless, 


TABLE II 

Average Composition of Wheat Gluten 


Constituent 

G. Amino Acid per 

100 g. Protein^ 

Moles Amino Acid 
per 10* g. Protein! 

Amino Acid 
Nitrogen of Total 
Nitrogen 


Found ! 

Literature* 


% 

Alanine 

2.2 

5.5 

25 1 

2.0 

Ammonia 

4.5 

4.5 

264 

21.2 

Aiginine 

4.7 

4.3 

27 

8.6 

Aspartic acid 

3.7 

— 

28 

2,2 

Cystine 

Glutamic add 

1.9 

1.9 

8 

1.3 

35.5 

36.0 

241 

19.3 

Glycine 

3.5 

— 

47 

3.7 

Histidine 

2.3 

2.4 

15 

3.6 

Isoleucine 

4.6 

-8 

35 

2.8 

Leucine 

7.6 

_3 

57 

4.6 

Lysine 

Methionine^ 

1.8 

1.9 

2.1 

3.3 

12 

13 

2.0 

1.0 

Phenylalanine 

5.4 

2.0 

33 

2.6 

Proline 

12.7 

11,0 

no 

8.8 

Serine 

i 4.7 

— 

45 

3.6 

Threonine 

2.6 

2.5 

21 

1.7 

Tryptophan 

1.1 

1.1 

5 

0.9 

Tyrosine 

3.1 

4.2 

17 

1.4 

Valine 

4.7 

3.0 

40 

3.2 

Total 

108.5 



94.5 


> Computed for a theoretical protein containing 17.5% nitrogen. 

* Values dted by Blish, Advances in Protein Chemistry, H: 337-359 (1945). 

*The literature value for the sum of leucme and isoleucine is 6.0. 

«Number of moles of ammonia omitted from total. 

approximately 95% of the total nitrogen is accounted for, as shown in 
Table II, without application of any correction to the analytical data. 
It can be inferred that such corrections, if known, would increase the 
total nitn^en accounted for to near 100%, and that no other amino 
acids were present, except in trace amounts. 

No analyses were made for hydroxylysine or hydroxyproline. 
Rees (12) showed that hydroxylysine was absent from gliadin. Since 


* Addition of starch to a gliadin preparation (nitrogen content. 17.0%) in amounts su£5cient to 
reduce the nitrogen content to 16.0, 14.0, and 12.0% prior to hydrolysis caused apparent losses in 
cystine-dus'cysteine of 4,10, and 18%. respectively. Results with methionine were approximately the 
same. The total cystine-plus-methionine values reported in the tables account for an average of 81% 
of the total glutm sulfur. 
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there are no satisfactory methods for determining hydroxyproline, its 
possible presence was not investigated. However, the occurrence of 
these amino acids in proteins is believed to be limited to those related 
to collagen. 

The mean values for many of the amino acids agree well with those 
compiled by Blish (2) (Table II). Our values for phenylalanine, 
leucine-plus-isoleucine, and valine are considerably higher and for 
alanine,® methionine, and tyrosine significantly lower than those 
previously available. 
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COMMUNICATIONS TO THE EDITOR 

The Niacin and Pantothenic Acid Content of Normal and Moldy Com 
Dear Sir: 

In our investigations of factors which affect the niacin and panto¬ 
thenic acid content of corn hybrids it was found that immature corn 
(unpublished) had a higher content of these two vitamins than the 
same varieties when normally mature- Corn of high moisture content, 
irrespective of whether it is mature or immature, when stored may be¬ 
come moldy. The appearance of mold in both cases is a frequent 
occurrence under ordinary storage conditions. 

In order to obtain more detailed information on the variation in 
the niacin and pantothenic acid content of normal and moldy corn, 
ten samples of apparently normal corn and thirteen samples of visibly 
moldy corn of the same varieties and grown in different locations were 
assayed for these vitamins by the microbiological method previously 
described (1). There was no way of knowing at that time whether the 
moldy corn was more immature than the apparently normal corn or 
vice versa. However, more recent results indicate that both groups of 
samples were mature but the moldy sample had a higher moisture 
content at some time or they would not have become moldy. The 
niacin content of the normal (non-moldy) corn varied from 19.7 to 31.2 
(mean 24.1) jLtg/g, while the moldy samples varied from 21.2 to 37.7 
(mean 30.00) Mg/g. The results for pantothenic acid varied from 3.4 
to 6.3 (mean 4.8) jug/g for normal (non-moldy) corn, while the moldy 
corn varied from 4.1 to 7.8 (mean 5.9) /zg/g. These results are based 
on an air dried moisture content of about 10%. Where the samples 
were covered with a heav}" mold the variation between normal and 
moldy corn, as described, was as much as 15 /tg/g of niacin and 3.0 
/zg/g of pantothenic acid. 

In order to obtain further information, samples of known mature 
corn were divided into two parts. One part was assayed as found. 
The moisture content of the other part was sufficiently increased and 
then incubated in covered enamel pans at room temperature (23®- 
25® C,) for about three days. The seeding of the samples was from the 
normal spores of the air. The moldy samples were then air dried to 
about 10% of moisture. The results for niacin and pantothenic acid 
on an air-dry basis were as follows: 
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No, 

Sample 

Niacin 

Pantothenic acid 



Hig 

mh 

1 

Normal corn 

25.8 

5.7 

lA 

Same moldy 

50.3 

9.5 

2 

Normal moldy 

27.0 

5.6 

2A 

Same moldy 

52.8 

7.8 


These results show that when mold was artificially induced on 
normal corn it contained significantly higher niacin and pantothenic 
acid content than normal corn samples, indicating that the mold was 
at least part of the factor or factors involved in the above results. 

Several investigators (2, 3) have shown that various fungi or 
microorganisms synthesize niacin and pantothenic acid and the above 
results appear to confirm these. However, we wished to obtain addi¬ 
tional information on the synthesis of niacin and pantothenic acid by 
growing mold on a vitamin free medium. Rhizopus sp.* was isolated 
aseptically from the inside of the grain of moldy corn and grown in 
cotton-plugged erlenmeyer flasks containing the sterile vitamin-free 
medium. The medium contained 10 g. potassium nitrate, 5 g. potas¬ 
sium dihydrogen phosphate, 2.S g. magnesium sulfate, SO g. sucrose, 
and 2.0 g. vitamin-free casein hydrolysate per 1. The incubation was 
for a period of about 3-4 days, when a sufficient amount of mycelia 
were obtained. These were collected, dried, and assayed for niacin 
and pantothenic acid with the following results, expressed on an air- 
dry basis: 


Sample no. 

Niacin 

Pantothenic acid 

Its/i 

nig 

1 

159.0 

74.8 

2 

1S4.7 

74.7 


These data show that this particular mold has the ability to syn¬ 
thesize niacin and pantothenic acid to a high degree. These findings 
offer an explanation for the increased niacin and pantothenic acid 
content of moldy corn over and above that of normal (non-moldy) 
corn. 

Chas. H. Hunt 
Lorraine D. Rodriguez 
and R. M. Bethke 
Department of Animal Science 
R. C. Thomas 

Department of Botany and Plant Pathology 
Ohio Agricultural Experiment Station 
Wooster, Ohio 

February 27, 1950 

* Several species of Rhieo^us were isolated from the moldy com. The p^icular spjedes used in 
this work was found to conform to the description of R. niericans as given by Gilman (4) with respect to 
habit of growth and size of sporangia and spores. 
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Preparation of “Gluten” from Barley and Rye 
Sir: 

It is well known that, when a wheat-flour dough is manipulated 
under a stream of water, the starch is washed away and a cohesive, 
visco-elastic mass called gluten is obtained. This product contains 
about 80% of protein (N X 5.7), together with some carbohydrates, 
lipids, etc. Lusena (Cereal Chem. 27: 167-178 (1950)) has recently 
shown that a similar product can be prepared from wheat flour by 
dispersing the protein complex in 0.005 N acetic acid, removing the 
starch, etc., by centrifuging, and reprecipitating the gluten by careful 
neutralization. 

Heretofore, no products similar to wheat gluten have been prepared 
from any other cereal grain by ordinary washing; nor have we been able 
to prepare them by the Lusena method. But, after prior water ex¬ 
traction, and by using 0.01 N formic acid rather than acetic acid, 
“glutens” have now been prepared from both barley and rye flour. 
By comparison with wheat gluten, these new products are tougher, and 
less elastic, cohesive, and sticky. Mechanical working tends to dis¬ 
integrate them. They are reminiscent of glutens prepared from low- 
protein flour of inferior quality. By the same procedure, oat flour 
has as yet yielded only a clay-like product with no elastic properties. 

A comparative study of the chemical and physical properties of 
these “glutens,” and of the relations of these properties to extraction 
methods, is in progress. It may well yield results of value in elucidat¬ 
ing the basic structure of the protein components of bread dough. 

D. K. Cunningham 
J. A. Anderson 
Grain Research Laboratory, 

Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 

March 18.1950 
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Advances in Agpronomy. Vol. I. Edited by A. G. Norman. 439 pp. Academic 

Press Inc. New York, New York. 1949. Price $7.50. 

The volume contains 10 chapters, each dealing with some phase of agronomic 
re^rch or practice and each prepared by a recognized authority or authorities. 
Soil-crop relationships are emphasized throughout. Of the 10 chapters, six deal 
with soil in relation to plant growth and four with crop production. Each chapter 
includes a list of references which brings the subject matter up-to-date. These lists 
will provide a convenient source of reference material. 

Ha 3 nvard and Wadleigh of the U. S. Regional l^linity and Rebedoux Laboratory, 
Riverside, California, deal with saline and alkali soil-plant relationship in a thorough 
and comprehensive manner. Saline and alkali soils are differentiated and the physio¬ 
logical basis of salt and^ alkali tolerance of plants discussed. Specificity in salt 
tolerance for various species and varieties of crop plants are considered in some detail. 

The second chapter on new fertili^rs and fertilizer practices was written by 
Jones and Rogers of the T.V.A., Knoxville, Tennessee, who are in an excellent posi¬ 
tion to deal with the subject. Major attention is given to the development of new 
fertilizer materials and improved fertilizer practices. The chapter will be of interest 
not only to a^onomists but to the Industiy as well. 

Martin G. Weiss of Iowa State Collie, Ames, authors a chapter on soybeans. 
The treatment of the subject is comprehensive in that it deals with all phases of the 
croi>, including production, utilization, culture, and improvement by oreeding and 
testing. The crop has several important effects upon the soil and, at the same time, 
the soil is an important factor in the production of the crop. Diseaise and insect 
controls are discussed. 

A fourth chapter on the clay minerals of soil by J. E. Gieseking, University of 
Illinois, Urbana, deals both with mineralogical and plant relationships of this rather 
intricate subject. The article is exceptionally well dfone and will be of interest to soil 
scientists and those agronomists interested in fertility and plant nutrition problems. 

Wm, J. White prepared the chapter on alfalfa improvement. This is a very 
informative article and presents^ the matter of seed setting and production in a clear 
and interesting fashion.^ His discussion of the not too well understood question of 
pollination and pollinating insects is worth careful reading. The author emphasizes 
the importance of breeding disease resistant varieties. 

The chapter on Soil Micro-organisms and Plant Roots by Francis E. Clark, 
U.S.D.A. and Iowa Agricultural Experimental Station develops the interesting rela¬ 
tionship existing between plants roots and soil microotganisms. The approach to the 
subject is one not freouently seen and for this reason is deserving of a careful reading. 

A. S. Crafts and W. A. Harvey, University of California, deal with weed control. 
They discuss conventional methods as well as the newer methods of chemical control. 
In the latter they deal with a wide variety of materials and their herbicidal action. 
Their thorough treatment of the subject will be of interest both to agronomists and 
the manufacturers of weed killers. 

The chapter on Boron in Soils and Crops by K. C. Berger, University of Wis¬ 
consin, describes methods of determination of the element in both soils and crops, 
the availability of soil boron and the boron requirements of crop plants. It includes 
an up-to-date review of the literature on the subject. 

Ora Smith, Cornell University, has prepared a most excellent chapter on potato 
production. It includes a discussion of the improvement of the crop by breeding, the 
control of weeds, the requirements of the crop for nutrients, and methods of soil 
management most adaptable to the production of the crop. Included also are discus¬ 
sions of disease and insect control. This chapter should be of much interest to 
potato growers. 

The subject of phosphorus fixation in soils is discussed by L. A. Dean, U. S. 
Department of Agriculture. Many factors are known to be involved in phosphorus 
fixation and an extraordinarily large amount of research has been devoted to the 
problem. The author has done an excellent job of bringing these researches together 
and summarizing them. 
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The volume as a whole is extremely well done and should be of wide interest to 
soil scientists, agronomists, manufacturers, and growers. The general excellence of 
Vol. I presages well for Vol. II which is to appear late in the year. 

C. O. Rost 

Division of Soils 
University of Minnesota 
University Farm 
St. Paul, Minn. 


Chemical Engineers’ Handbook. Edited by John H. Perry. XV and 1942 pp 

McGraw Hill Book Company Inc., New York. Third ed. 1950. Price $15.00. 

In preparing the third edition of this standard reference work, the first and 
second ^itions of which were published in 1934 and 1941 respectively, the editor 
was assisted by an advisory board of 15 chemical en^neers and 141 contributors com¬ 
prising specialists in various phases of chemical endneering. 

In the preface to the current edition, the editor points out that the normal 
peacetime rate of progress in the theory and practice of chemical engineering has been 
so great during the prewar, war, and postwar years that it was necessary to rewrite 
most of the major sections of the handbook. 

The book contains sections covering the following topics: mathematical tables 
and weights and measures; mathematics; physical and chemical data; physical and 
chemical principles; flow of fluids; heat transmission; evaporation; general theory of 
diffusional operations; distillation and sublimation; gas absorption; solvent extraction 
and dialysis; humidification, dehumidi^cation, and cooling towers and spray ponds; 
dr 3 dng; adso^tion; mechanical separations; size reduction and size enlargement; mix¬ 
ing of material; high-pressure technique; process control; movement and storage of 
materials; materials of construction; fuels; furnace and kilns; power generation and 
mechanical power transmission; refrigeration; plant location; electricity and elec¬ 
trical engineering; electrochemistry; accounting and cost finding; and safety and fire 
protection. 

The new material which has been added in the present edition includes general 
theoi^ of diffusional operations; furnaces and kilns; size enlargement; azeotropic dis¬ 
tillation; multi-component distillation; extractive distillation; molecular distillation; 
and dialysis while the followii^ chapters have been deleted: reports and report 
writing; indicators, qualitative analysis; and organic chemistry. This edition is 
printed in a larger page size (approximately 7 by 10 inches) which not only permitted 
the thickne^ of the book to be r^uced but also allowed the use of larger sizes of 
graphs and illustrations which has increased the clarity. The book is printed on good 
paper, is well indexed and is remarkably free from typographical e^ors. 

The edition provides a dependable source of information on principles, data, and 
practice in the various branches of chemical engineerii^ and will be of inestimable 
value to cereal chemists, particularly those concerned with process development and 
control. 

W. F. Geddes 

Division of Agricultural Biochemistry 
University Farm 
St. Paul, Minnesota 
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EDITORIAL POLICY 

Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or products of 
the cereal industnes, or with analytical procraures, technological tests^ or fundamental research, related 
thereto. Papers must be based on original investigations, not previously described elsewhere, which 
make a definite contribution to existing knowledge. 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of the 
Amencan Association of Cereal Chemists, or submittra directly by members of the Association. When 
space permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, concise, and styled for Cered Chemistry. 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may be 
secured from and subscriptions placed with the Managing Editor, University Farm, St. Paul 1, 
Minnesota. Subscription rates, $9 00 per year Foreign postage, SO cents extra. Single copies, 
$2 00; foreign, $2.10. 


SUGGESTIONS TO AUTHORS 

General. From January 1,1948, an abstract will be printed at the beginning of 
each paper instead of a summary at the end, references vvill be numbered to provide 
the option of citing by number only, and date of receipt, author’s connections, etc., 
will be shown in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
“On Writing Scientific Papers for Cereal Chemistry” {Trayis, Am, Assoc, Cereal 
Chem, 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 81 by 11 inch white paper, and all original drawings or photographs 
for figures. If possible, one set of photographs of figures should also be submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting xmnecessary words. The title footnote shows “Manuscript received . . .” 
and the name and address of the author’s institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introduction. Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be cited instead. 

References are arranged and numbered in alphabetical order of authors* names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors’ names and year may be cited also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40: I-CCIX. 1946. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowledgments, and literature 
cited. Alternately, a group of related studies, each made with different materials 
or methods, may require a separate section for each study, with subsections for mate¬ 
rials and methods, and for results, under each section. Center headings are used for 
main sections and italicized nm-in headings for subsections, and headings should be 
restricted to these two types only. 
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Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer¬ 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side heading should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables should be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing “(TABLE I)” in the appro¬ 
priate place between lines of the text (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts¬ 
man. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable; curves should be drawm heaviest, axes or frame intermedi¬ 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

All drawings should be made about two to three times eventual reduced size with 
India ink on white paper, tracing linen, or blueAintd graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be iV to ith inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc¬ 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and Tables” 
(Trans* Am* Assoc* Cereal Chem. 3 : 69-104. 1945) amplifies these notes. 

Text Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequOTces for paragraphs and for sentences within paragraphs, and a skill¬ 
ful use of headings and topic sentences are the greatest aids to clarity. Clear phras¬ 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the definite 
to the vague. Trite circumlocutions and useless modifiers are the main causes of 
verbosity; they should be removed by repeated editing of drafts. 

Editorial Style. A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary. A few points 
which authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with qi^ntities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than “per cent” is used following figures. All units are abbre¬ 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (S°-10® C.). Place 0 before the decimal point for correlation co¬ 
efficients (r = 0.9S). Use * to mark statistics that exceed the S% level and **•' for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/(B + C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 
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STUDIES OF THE EFFECTS OF POLYOXYETHYLENE 
MONOSTEARATE ON FLOUR AMYLASE ACTIYITY^ s 

L. F. Marnett and R. W. Selman 

ABSTRACT 

Polyoxyethylene monostearate increases amylograph maximum paste 
viscosity of wheat flour pastes to a varying dependent upon the 

amount of ester added and the alpha-amylase content of the flour. A 
significant increase in maximum viscosity is produced by polyoxyethylene 
monostearate in the absence of alpha-amylase. The effect is likewise mani¬ 
fested when the agent is added to pastes made from corn starch and waxy 
maize. 

In amounts less than 0.25% polyoxyethylene monostearate only 
slightly retarded the dextrinization time with alpha-amylodextrin substrate, 
but higher percentages prevented complete hydrolysis even after 30 hrs. of 
incubation. 

Maltose production from soluble starch solutions was decreased only 
when very high levels of amylase were employed in conjunction with ab¬ 
normally high percentages of polyoxyethylene monostearate. 

Favor and Johnson (5), (6), have shown that the inclusion of poly¬ 
oxyethylene monostearate (hereinafter referred to as POEMS), in 
the bread formula decreased the rate at which bread crumb became 
firm in storage. These workers have reported that POEMS has little 
effect on gas production in fermenting doughs and on proofing. 

The experiments reported herein were conducted to determine 
whether POEMS has any influence on amylase activity under condi¬ 
tions comparable with those which exist in bread making. 

The composition of polyoxyethylene monostearate has been 
described by the aforementioned authors (5). The product used 
throughout the following investigations had an average molecular 
weight corresponding to the nonaethylene glycol monostearate. 

Procedures and Results 

Anker and Geddes (2), Brown and Harrel (3), and Selman and 
Sumner (10) have descriped the utility of the amylograph in stud 3 dng 

J Manuscript received December 23, 1949. Presented at the annual meeting, May, 1949. 

* Contribution from the C. J. Patterson Company, Kansas City, Missouri. 
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the pasting characteristics of flour and of various starches. Favor 
and Johnson (5) employed the amylograph to show the stabilizing 
effect of POEMS on starch gels. 

Effect on Wheat Flour Pastes. The amylograph was used to meas¬ 
ure the effect of POEMS on the paste viscosities of malt-supplemented 



Fig. 1. The inter-r^tionship of polyoxsrethylene monostearate and barley 
malt with amylograph maadmum paste viscosity. 


flour since the temperature increase in the amylograph is closely 
related to that which occurs in dough durii^ the initial stages of bak¬ 
ing, when starch conditioning is a major factor. Maximum paste 
v^cosity is regarded as a measure of the starch liquifying effect of 
alpha-amylase. 





Sept., 1950 


L. F. MARNETT AND R. W. SELMAN 


351 


Increments of barley malt were added to a commercially milled, 
non-diastated flour in order to obtain flours of various amylase levels. 
Varying amounts of POEMS were added to the flour-water suspensions 
by pipetting appropriate volumes of a 2.5% aqueous POEMS suspen¬ 
sion and agitating to obtain adequate dispersion. The amylograph 
used in these studies had a temperature increase of 1.5®C. per min. 
The method used was that of Selman and Sumner (10), in which the 
amylograph is employed to determine starch paste viscosity as a func¬ 
tion of thermal gelatinization and amylolysis. 



The results shown in Fig. 1 demonstrate that POEMS increased 
maximum paste viscosity markedly when added in amounts as low as 
0.25%. Equivalent increases in maximum viscosity were produced 
when 0.5% and 0.75% of the ester were present, but the increases with 
larger additions diminished in magnitude with each additional incre¬ 
ment of POEMS. 

The increases in maximum paste viscosity produced by POEMS 
indicate either alpha-amylase inhibition or modification of the starch 
substrate. 
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Effect on Non-Diastaied Flours. To determine the reason for the 
viscosity increases observed in the foregoing instances, measurements 
were made of the pasting properties of unmalted flour. The amylo- 
graph procedure employed was again that of Selman and Sumner (10), 
except that 65 g. of flour were substituted for the customeiry 100 g., in 
order that the entire viscosity curve would fall within the recording 
range of the instrument. 

This procedure was repeated in the presence of 20 p.p.m. of mercuric 
chloride to insure complete inactivation of traces of the amylases (4). 



The results (Figs. 2 and 3) suggest that alpha-amylase inactivation 
was not a major factor, if a factor at all, in the increase in maximum 
paste viscosity observed earlier; the marked effect in the absence of 
alpha-amylase indicated a modification of the starch substrate. These 
curves also indicate that POEMS inhibited granule swelling at tempera¬ 
tures slightly above the transition temperature. 

Experiments have shown that POEMS precipitates a portion of 
the starch from a corn starch gel. Precipitation of this nature may be 
due to hydrogen bonding of the ester with starch through the terminal 
hydroxyl group or through the ether oxygens of the polyoxyethylene 
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chain. Linear organic molecules containing a polar group have long 
been known to bond with amylose (8) but have not been reported to 
coordinate with amylopectin. Analogous complex formations are 
believed to occur between POEMS and starch. 

Schoch and French (9) have observed that polar organic com¬ 
pounds possessing both hydrophilic and hydrophobic groupings restrict 
granule swelling and thereby prevent leaching of the amylose. POEMS 
has been shown to exert the same effect on the starch of wheat flour 
in the foregoing studies. This phenomenon may be explained by 



Fig. 4. Effect of polyoxyethylene monostearate on amylograph paste 
viscosity of commercial com starch. 


assuming the polar group to be oriented with chains of amylose, or 
possibly with the end branches of amylopectin, near the granule 
surface. Such an increase in hydrophobic character might well ex¬ 
plain the restriction in viscosity of starch pastes at temperatures 
slightly above the transition temperature. With additional heating in 
the amylograph, however, the granule may become so distended that 
the fatty acid chains no longer are able to restrict hydration and a 
sudden rise in viscosity is manifested. The increase in maximum 
paste viscosity is possibly caused by an actual increase in granule 
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diameter through the addition of polyoxyethylene stearate chains; the 
granule dimensions and mechanical friction are thereby increased. 
The possibility also exists that restricted distention in the early stages 
of gelatinization allows less mechanical breakdown of the granule with 
a consequent higher viscosity in the later stages. 

Effect on Corn Starch Pastes. Thirty-six grams of commercial 
corn starch and 450 ml. of water, with and without increments of 
POEMS, were pasted in the amylograph to determine the effect of 
the ester on the viscosity of corn starch pastes. The results in Fig. 4 
show that POEMS restricted granule swelling in the initial stages of 



gelatinization and increased maximum paste viscosity. The magni¬ 
tude of the increases in corn starch pastes however, were not as great 
as those observed with wheat flour pastes. 

Effect on Waxy Maize Starch Pastes. As a means of determining 
the effect of POEMS on amylopectin, 32 g. of waxy maize starch were 
suspended in 450 ml. of water and gelatinized in the amylc^raph. 
Increments of POEMS were provided by replacing a portion of the 
water with an equal volume of a 2.5% POEMS suspension. 

As is evident from Fig. 5, POEMS increased the maximum paste 
viscosity of waxy maize starch pastes, but the effect was less pro- 
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nounced than that produced on either corn starch or wheat flour. 
Gelatinization temperatures were unaffected, and the inhibition of 
granule swelling in the early stages observed in the instances of corn 
and wheat starch, was noticeably absent. These results suggest the 
possibility that POEMS may bond with amylopectin, but to a lesser 
extent than with corn or wheat starch. While waxy maize starch con¬ 
tains traces of amylose, this fraction is apparently tightly bound 
within the granule since a gelatinized waxy maize starch does not 
produce the blue color with iodine. Response to the iodine test be¬ 
comes positive only after such a paste is autoclaved. It is not likely 
that more than trace amounts of amylose are leached out of the 
granule under the conditions of pasting in the amylograph. While it 
is doubtful that such large molecules as polyoxyethylene monostearate 
could exhibit any appreciable amount of mobility within the intricate 
branching network of amylopectin, the possibility that the outermost 
branches of amylopectin are susceptible to bonding is not so remote. 

Effects of POEMS on Ainylolytic Susceptibility of Starch as Meas¬ 
ured by the Modified Wohlgemuth Technique. The modified Wohlge¬ 
muth procedure for the determination of alpha-amylase activity 
described by Sandstedt, Kneen, and Blish (7) was employed to de¬ 
termine the effect of POEMS on amylolytic dextrinization. This 
method measures alpha-amylase activity as a function of dextriniza¬ 
tion time in the presence of excess beta-amylase. 

Increments of POEMS were added to digestion mixtures in the 
form of 5 ml. aliquots of aqueous POEMS suspensions of appropriate 
strength. The enzyme source was a 2:5 water extract of barley malt 
flour. 

Results of this experiment demonstrated that this technique could 
not be used validly in a study of POEMS-starch systems since no end¬ 
point was produced which could be regarded as truly achromic with 
the dextrin standard. Dextrinization time could be determined when 
POEMS was present in amounts less than 0.25% (based on the weight 
of soluble starch used in the preparation of the alpha-amylodextrin 
substrate) and little effect on alpha-amylase activity could be de¬ 
tected at these levels. At higher percentages the dextrin end-point 
was obscured by the presence of a blue POEMS-amylose-iodine 
precipitate which was detectable even after 30 hrs. of amylolysis. 
That POEMS precipitates a portion of the amylose and thus renders it 
not susceptible, or at least much less susceptible, to amylolytic hydro¬ 
lysis, is established. It was likewise noted that POEMS precipitated 
portions of the alpha-amylodextrin substrate during incubation. 

If the blue amylose-iodine precipitate be allowed to settle to the 
bottom of the test tube, the supernatant may be observed as a dextrin 
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red-brown, color and the sample may then be regarded in terms of 
dextrinization. However, no attempt was made to make a quantita¬ 
tive measure of dextrinization time after settling of the precipitate, 
since the time involved would depend upon the amount of susceptible 
substrate remaining, the quantity of which would vary with the 
percentage of POEMS used. 

Effea of POEMS on Maltose Production. To determine the effect 
of POEMS on production of maltose from starch, the following method 



Fig. 6. The effects of polyoxyethylene monoetearate on maltose production. 


was applied. A mixture of the substances indicated below was incu¬ 
bated for 15 min. at 30°C. ± 0.5®C.: 


(1) Distilled water 

(2) POEMS—indicated increment of 1.0% suspension 

(3) Buffered 2.0% Lintner soluble starch 

(4) Malt extract—indicated strength 


|-to total 


9 ml. 

20 ml. 
1 ml. 


Total 30 ml. 
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POEMS was added to the soluble starch immediately before the addi¬ 
tion of malt extract. Following the incubation period 10 ml. of O.S N 
sodium hydroxide were added to the sample, and a 5 ml. aliquot taken 
for the determination of reducing sugars. The potassium ferricyanide 
oxidation procedure as described in Cereal Laboratory Methods (1) for 
measuring diastatic powers of malt was used for determining the mal¬ 
tose produced. Blank tests were made for each series of determina¬ 
tions. 

The data given in Fig. 6 demonstrate that POEMS affects maltose 
production only when present in high percentages in conjunction with 
very high malt levels. It appears that the observed reduction in 
maltose produced at high levels of malt and POEMS is not attributable 
to enzymatic inhibition but rather to a reduction in the quantity of 
susceptible substrate present. It is concluded from these data that 
maltose production in fermenting doughs is probably unimpaired by 
the levels of POEMS commonly employed. 

Discussion 

Since the foregoing experiments were preliminary in scope, the 
results suggest several aspects which warrant future investigation. 
Without doubt, a study of the effect of POEMS on the individual 
starch fractions warrants additional experimentation. The affinity of 
the agent for amylopectin, both in the presence and in the absence of 
amylose, should be determined. The results of any studies relating 
the starch fractions to the problem of bread staling must be interpreted 
in such a way as to allow for the possibility that the firmness retarding 
mechanism of POEMS involves primarily its action on the entire 
granule. Whether starch gelatinization presupposes complete rupture 
of its structure or only extreme distention has been discussed by 
Schoch (8) who regards the latter viewpoint to be “eminently reason¬ 
able.” It is doubtful that granules are completely disrupted in the 
baking of bread, and hence this factor must be considered in any study 
dealing with the influence of starch fractions. 
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THE INFLUENCE OF DRYING TEMPERATURE AND 
DRY ICE TREATMENT ON THE QUALITY 
OF IMMATURE WHEAT ^ 

Max Milner and John A. Johnson 
ABSTRACT 

Drying immature hard red winter wheat from a moisture value of 50 
to 14% moisture content at 40 F. caused a reduction in maltose value and in 
alpha- and beta-amylase activity in comparison with grain dried at room 
temperature. The alpha-am3^1ase activity of this very immature wheat 
which was dried at room temperature was much greater than that of similar 
samples harvested subsequently at lower moisture values and handled in 
the same manner. A smaller reduction in maltose value occurred when 
immature grain with 26.5% moisture was dried at 50 F. Dry ice treatment 
had little effect on several of the biochemical properties of wheat although 
germination was damaged when grain moisture was high. Loaf volume and 
crumb grain were affected adversely by dry ice treatment of wheat and 
these effects appeared to be due to the carbon dioxide rather than to the 
low temperature in the grain caused by the dry ice. 

The influence of harvest conditions and storage treatment on the 
milling and baking quality of immature or freshly harvested wheat is 
generally believed to be important, yet meager information on these 
factors exists. Swanson (S) found that an elevated maltose value was 
obtained by drying immature wheat in the shock at low temperatures 
(S0°F.). It was desired to re-examine these results and to study 
other chemical and physical factors which might be affected by drying 
conditions. 

Considerable interest existed during the harvest seasons of 1948 and 
1949, particularly in the southwest wheat producing area, concerning 
the use of dry ice (solid carbon dioxide) in stored grain to destroy 
insects and decrease grain temperature and respiration. No informa¬ 
tion was at hand regarding the influence of such treatment on wheat 
and flour quality and it seemed of interest therefore to initiate studies 
along this line. 

1 Maanacaript x«celved December 27,1949. 

Coatribution No, 177, I^epartment of Mflling Industcy* Agricultuial Experiment Station. 
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Materials and Methods 

Preparation of Wheat Samples. A plot of hard red winter wheat 
(Pawnee variety) on the Kansas State College Agronomy Farm was 
selected. The weather was warm and sunny throughout the filling and 
ripening period following initiation of harvesting on June 14,1949, with 
the exception of one light shower on June 22. The sample harvested 
by hand on June 14, contained 50% moisture, that taken on June 17, 
26.5% moisture and a final sample of fully mature grain harvested by 
combine on June 24 had a moisture content of 14.0%. On the day 
prior to the shower on June 22, the moisture content of the wheat in 
the field was 13.0%. 

The following treatments were accorded the various wheat samples. 

Sample No. 1. Wheat heads harvested by hand on June 14 when 
the grain was in the dough stage and contained 50% moisture, were 
threshed with a small nursery thresher. Two portions of this sample 
were treated separately as follows: (a) A portion of the fresh sample 
was spread out immediately to dry on a laboratory bench at about 
80°F. with the aid of an electric fan. (b) Immediately after harvest a 
sample was sealed in a flask and held in a refrigerator at 40®F. for 48 
hours. It then was spread out thinly to dry in the refrigerator at this 
temperature. 

Sample No. 2. The grain obtained on June 17 containing 26.5% 
moisture was dried to 12% moisture on a laboratory bench with the aid 
of an electric fan. Prior to milling, the wheat was reconditioned to 
15% moisture. 

Sample No. 3. Same original grain as Sample 2 was spread out 
thinly for drying in the cold room at 50®F. After five days the grain 
had a moisture value of 14.0%, Prior to milling, this wheat was recon¬ 
ditioned to 16% moisture. 

Sample No. 4, Same original grain as Sample 2, air-dried in the 
laboratory to 16% moisture and then milled immediately. 

Sample No. 5. Same original grain and drying treatment as Sam¬ 
ple 4, but before milling, treated with 2% of coarsely granulated dry 
ice in a tape-sealed can insulated with burlap and cardboard. Sample 
was held in this manner for 48 hours before the grain was milled. All 
the following samples which received dry ice treatment were handled in 
the same manner. 

Sample No, 6. Same as Sample No. 5 but treated with 20% of 
dry ice. 

Sample No. 7. Original grain with 26.5% moisture was dried in the 
laboratory to 12.5% moisture and treated with 2% of dry ice for 48 
hours, followed by reconditioning to 16% moisture content prior to 
milling. 
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Sample No. 8. Same as Sample 7, but treated with 20% dry ice. 

Sample No. 9. Original grain dried as Samples 7 and 8, recon¬ 
ditioned to 16% moisture prior to treatment with 2% dry ice. 

Sample No. 10. Same as Sample 9 but treated with 20% dry ice. 

Sample No. 11. Original grain (26.5% moisture) was treated with 

oi its weight in dry ice. The sample then was air-dried for 14 hours 
to 15% moisture and milled. 

Sample No. 12. The original grain was air-dried in the laboratory 
for 12 hours to a moisture content of 18.5% and then stored in a sealed 
glass jar which had been flushed with nitrogen, in the laboratory deep 
freeze unit at --20°F. The jar was removed after 24 days, and after 
being warmed to room temperature the grain sample was air-dried to 
15% moisture and milled. 

Sample No. 13. Fully mature, field-ripened wheat, harvested June 
24, with a moisture value of 14%. 

Chemical Determinations on Wheat and Flour, The following deter¬ 
minations were carried out on the wheat samples in accordance with 
methods outlined in Cereal Laboratory Methods, 5th edition: (a) mois¬ 
ture content, (b) protein content, (c) ash content, and (d) maltose 
value. 

Saccharifying activity and free and total alpha- and beta-amylase 
activity were determined by the methods of Kneen and Sandstedt (3) 
and Kneen, Miller and Sandstedt (2). 

Additional determinations on flour included (a) water absorption 
determined with the farinograph by titration to the 500 unit line, (b) 
maximum viscosity of flour-water paste in the amylograph using 65 g. 
of flour and 450 ml. of water, and (c) baking test employing a com¬ 
mercial sponge-dough procedure with and without potassium bromate 
(Johnson and Miller, 1). 

Germination values obtained by the normal procedure with and 
without pre-chilling the seed were supplied by the Kansas State Seed 
Laboratory. 

Milling was carried out with the Buhler experimental mill. Extrac¬ 
tion varied from 68 to 70%. 


Results 

Influence of Drying at Low Temperature on Properties of Immature 
Wheat. The analytical results obtained on the very immature wheat 
(50% moisture) appear in Table I together with data for field-matured 
wheat harvested later from the same plot. 

The very immature wheat was considerably higher in maltose value 
and in free and total alpha-amylase activity than mature grain. These 
results confirm those of Schwinuner (4). Drying the immature wheat 
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TABLE I 


Influence of Drying Temperature on Maltose Value and Amylase 
Activity of Very Immature Wheat. (Wheat Contained 
50% Moisture at Harvest) 


Treatment of wheat 

Maltose 

value 

Saccharifying 

activity! 

Beta-amylase 

activity! 

Alpha-amylase 

activity* 



Free 

Total 

Free 

Total 

Free 

Total 

Dried at room temper¬ 

ature 

276 

0.78 



0.77 


0.55 


133 

0.59 



0.65 


0.10 

Field-matured wheat 

204 

0.63 

0.70 



<0.02 

— 


1 Grams starch converted to sugar at 30® C. by 1 g. sample in one hour. 

s Grams starch dextrinized by 1 g. sample in one hour at 30® C. in presence of excess beta-amylase. 


at low temperature significantly reduced the maltose value in compar¬ 
ison with similar wheat dried at room temperature. This latter result 
is quite opposite to that recorded by Swanson (5) who noted a con¬ 
siderable increase in maltose values when wheat in the shock was dried 
in a room at S0®F. in comparison with the maltose value of the same 
grain which had been dried in the sun. Drying at low temperature 

TABLE II 


Biochemical Properties of Freshly Harvested Wheat as Influenced 
BY Drying and Storage at Low Temperature and 
BY Treatment with Dry Ice 


Sample 

no. 

Treatment 

Maltose 

value 

Germination 

Sacchari¬ 

fying 

activity* 

Beta- 

amylase 

activity* 

Alpha- 

amylase 

activity* 


Reg- 

ular 

Pre- 

chUl 

Free 

Total 

Free 


Free 

Total 

2 

Dried to 12% moisture at 
room temp., reconditioned 

166 

% 

64 

% 

70 

0.62 


0.62 

0.70 

<0.02 

0.05 

3 

Dried S0®F. 

140 

66 

65 

0.63 


0.63 

0.69 


<0.02 

4 

Dried to 16% moisture 

170 

81 

90 

0.64 


0.64 

0.69 


<0.02 

5 

Dried to 16% moisture. 2% 
dry ice 

174 

62 

60 

0.64 


0.64 

_ 


<0.02 

6 

Drira to 16% moisture, 20% 
dry ice 

172 

71 

54 

0.65 

0172 

0.65 

0.71 

<0.02 

<0.02 

7 

DriM, 2% dry ice, recondi¬ 
tioned 

170 

65 

76 







8 

Dried, 20% dry ice, recondi¬ 
tioned 

157 

61 

76 

_ 

_ 


_ 



9 

Dried, reconditioned, 2% 
dry Ice 


__ 


__ 

0.70 


0.69 

<om 

<0.02 

10 

Drira, reconditioned, 20% 
dry ice 

, 


1 

— 

0.69 


0.69 

<0.02 

<0.02 

11 

Fresh damp grain, 33% dry 
ice 

187 

20 

30 

0.64 

0.70 

0.64 

0.71 

<0.02 

<0.02 

12 

18.5% moisture, 24 days at 
“20®F. 


63 


0.64 

0.69 

0.63 

0.69 

<0.02 

0.04 

13 

Field ripened wheat 

204 

91 

91 

0.63 

0.70 

0.63 

0.68 

<0.02 

<0.02 


1 Samples 2 to 12 inclusive contained 26.5% moisture at harvest. Sample 13 was field ripened 
wheat 14.0% moisture. 

• Gra^iste!^ converted to sugar at 30®C. by It sample taoMhou^^ ^ 

* Grams starch dextrinized by 1 g. samide In one hour at 30®C. in presence of excess beta-amylase. 
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also reduced the saccharifying activity and alpha- and beta-amylase 
activity. These same properties remained high in the grain dried at 
normal temperatures. These values decreased with the normal matu¬ 
ration process, as Indicated by the analyses for the normal field-matured 
wheat harvested at a later date. 

The Properties of Freshly Harvested Wheat and of the Flour and Bread 
Produced from It, After Dry Ice Treatment. The effects on a number of 
wheat properties, of various treatments including drying, storage and 
dry ice treatment are summarized in Table II. 

With one exception, no drastic change in germination or biochem¬ 
ical properties occurred in immature wheat subjected to the wide vari¬ 
ety of conditions listed in this table. The maltose value of the sample 
dried at 50®F. was lower than that of the sample dried at room tem¬ 
perature. This agrees with the similar but larger difference found in 
the previous experiment when the moisture of the grain at harvest was 
considerably greater. 

The effect of dry ice treatment was remarkably inconsequential in 
view of the drastically low temperatures to which this immature grain 
was subjected. Samples containing as much as 16% moisture and 
treated with dry ice in amounts of 20% or more reached temperatures 
well below — 75®F., yet no deleterious effect on germination or bio¬ 
chemical properties resulted. The one significant effect appeared in 
the grain which contained 26.5% moisture and which was treated with 
one-third of its weight of dry ice. In this one case a sharp decrease in 
germination resulted. A sample of the same wheat containing 18.5% 
moisture and stored for 24 days in a deep-freeze cabinet at -“20°F. 
showed no apparent decrease in germinative capacity. 

Pre-chilling prior to the test for germination generally stimulated 
germination with immature wheat. The fully mature grain apparently 
had passed through the dormant period, since the normal germination 
of 91% was not stimulated by pre-chilling. None of these treatments 
affected the activity of the amylase enzymes as indicated by the data 
in the last six columns of Table II. 

Several chemical properties of the flours produced from the wheat 
samples'listed in Table II appear in Table III and the biochemical 
properties are shown in Table IV. The moisture content, protein and 
ash were with few exceptions fairly consistent in this series of flours, 
indicating that the milling procedure was fairly uniform. The maltose 
value (Table IV) tended to decrease when immature wheat was arti¬ 
ficially dried. Thus the flour from immature wheat which was dried 
to 12% moisture in the room and reconditioned before milling (Sample 
No. 2) had a maltose value of 137, whereas the wheat dried only to 
16% moisture and milled, produced flour with a maltose value of 179 
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TABLE III 

Chemical Analysis of Flour Samples Milled from Wheat Dried 
AND Stored at Normal and Low Temperatures, and 
AFTER Treatment with Dry Ice 


Sample 

no. 

Treatment 

Moisture 

Protein' 

Ash' 



% 

% 

% 

2 

Dried to 12% moisture at room tern- 





perature, reconditioned 

14.1 

8.7 

0.41 

3 

Dried 50°F. 

14.7 

8.8 

0.40 

4 

Dried to 16% moisture 

14.9 

8.8 

0.47 

5 

Dried to 16% moisture, 2% dry ice 

14.5 

9.4 

0.51 

6 

Dried to 16% moisture, 20% dry ice 

14.6 

9.2 

0.47 

7 

Dried, 2% dry ice, reconditioned 

14.3 

8.8 

0.42 

8 

Dried, 20% dry ice, reconditioned 

14.5 

8.8 

0.42 

9 

Dried, reconditioned, 2% dry ice 

14.8 

8.8 

0.42 

10 

Dried, reconditioned, 20% dry ice 

14.6 

8.7 

0.42 

11 

Fresh damp grain, 33% dry ice 

14.2 

9.1 

0.59 

12 

18.5% moisture, 24 days at — 20®F. 

13.8 

— 

— 

13 

Field-ripened wheat 

14.5 

8.5 

0.42 


114% moisture basis 


(Sample No. 4). The maltose value of flour from wheat dried at low 
temperature was somewhat lower than that from wheat dried at room 
temperature (Sample No. 3). 

Treatment of wheat with dry ice appeared to have little effect on 
the maltose value of the flour milled from it (Samples 5 to 11 inclusive). 
It is notable that the flour obtained from field-ripened wheat (Sample 
No. 13) had the highest maltose value of all. This wheat, as has been 

TABLE IV 

Biochemical Properties of Flour Samples Milled from Wheat Dried 
AND Stored at Normal and Low Temperatures, and 
AFTER Treatment with Dry Ice 


Sample 

no. 

Treatment 

Maltose 

value 

Maximum 

amylograph 

viscosity 

Farino- 

graph 

absorption' 

Valorim- 

eter 

value 

2 

Dried to 12% moisture at room tem¬ 
perature, reconditioned 

137 

800 

52.6 

46 

3 

Dried SO'F. 

133 

990 

54.7 

46 

4 

Dried to 16% moisture 

179 

600 

57.4 

45 

5 

Dried to 16% moisture, 2% dry ice 

152 

960 

55.5 

47 

6 

Dried to 16% moisture, 20% diy ice 

130 

930 

53.6 

51 

7 

Dried, 2% dry ice, reconditions 
Dried, 20% dry ice, reconditioned 

142 

960 

54.3 

47 

8 

155 

920 

55.0 

46 

9 

Dried, reconditioned, 2% dry ice 
Dried, reconditioned, 20% dry ice 

130 

950 

53.3 

46 

10 

144 

900 

53.6 

46 

11 

Fresh damp grain, 33% dry ice 

134 

— 

51.2 

46 

12 

18.5% moisture, 24 days at —20®F. 

— 

960 

56-2 

48 

13 

Field-ripened wheat 

204 

865 

58.0 

44 


114% moi8tux4t)aaia. 
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pointed out, was matured in ideally warm weather with little rainfall 
of consequence. 

Values for amylograph viscosity show considerable uniformity with 
the exception of two samples. Sample No. 2 had a value of 800 units 
which was somewhat below the average of the group, while Sample 
No. 4 milled from wheat which had been dried to 16% moisture but 
otherwise untreated showed a value of only 600. This value appears 
anomalous in view of the other normal properties of the wheat and 
flour. The lowest absorption was exhibited by the flour obtained from 
the wheat stored in the presence of dry ice with 26.5% moisture (Sample 
No. 11). Valorimeter values appearing in the table show little varia¬ 
tion among the different flours. 

TABLE V 

Characteristics of Bread Produced from Various Wheaps 


Sample 

Treatment 

Loaf volume 

Crumb grain 

no. 

No 

bromate 

2 mg. 
bromate 

No 

bromate 

2 mg. 
bromate 

2 

Dried to 12% moisture at room tem¬ 
perature, reconditioned 

C.C. 

2450 

c.c. 

2625 

70 

70 

3 

Dried 50«F. 

2375 

2500 

50 

75 

4 

Dried to 16% moisture 

2250 

2575 

60 

80 

5 

Dried to 16% moisture, 2% dr>' ice 
Dried to 16% moisture, 20% dry ice 

2250 

2600 

50 

75 

6 

2200 

2550 

SO 

70 

7 

Dried, 2% dry ice, reconditioned 
Dried, 20% dry ice, reconditioned 

2150 

2500 

SO 

75 

8 

2225 

2500 

50 

70 

9 

Dried, reconditioned, 2% dry ice 
Dried, reconditioned, 20% dry ice 

2225 

2475 

50 

80 

10 

2225 

2525 

50 

75 

11 

Fresh damp grain, 33% dry ice 

2250 

2600 

SO 

75 

12 

18.5% moisture, 24 days at — 20°F. 

2225 

2425 

70 

85 

13 

Field-ripened wheat 

2000 

2225 

65 

80 


The characteristics of the bread baked from these flours appear in 
Table V. These data show, surprisingly, that the best loaf volume 
was produced by the immature wheat dried at room temperature (Sam¬ 
ple No. 2), rather than from the field-ripened grain (Sample No. 13). 
A decrease in loaf volume occurred on drying the immature grain at 
50®F. (Sample No. 3) and on milling wheat dried only to 16% moisture 
prior to milling (Sample No. 4). Dry ice treatment caused a small but 
significantly uniform reduction in both loaf volume and crumb quality 
of bread derived from immature wheat (Samples 5 to 11 inclusive). 
However, loaf volume and internal characteristics were not significantly 
inferior in the bromated loaves from the dry ice-treated grain when 
these were compared with the sample dried at room temperature and 
reconditioned for milling, without preliminary dry ice treatment (Sam- 
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pie No. 2). It is notable that the field-ripened sample (No. 13) yielded 
considerably lower loaf volumes from both bromated and unbromated 
doughs than did the immature wheat regardless of the treatment applied. 
Sample No. 11 is of particular interest since this was obtained from 
immature wheat with 26.5% moisture which had been treated with 14 
of its weight of dry ice for 48 hours, and which reached a temperature 
below ~-7S®F. The gas-retaining properties of this flour were not 
harmed to any greater extent than were those of flour from grain 
treated with dry ice at much lower moisture values, and furthermore 
the bromate response which it exhibited was excellent. However, the 
crumb grain of this sample appeared to be damaged to an extent similar 
to that in the other carbon dioxide-treated samples. 

Discussion 

These preliminary results indicate that drying very immature wheat 
at low temperature (40®F.) causes a decrease in the alpha- and beta- 
amylase activity of the flour. This conclusion is supported by the fact 
that a reduction in maltose value occurred upon drying wheat harvested 
at 50% moisture and at 26.5% moisture at low temperatures. In the 
first case this reduction was shown to be accompanied by differences in 
free and total saccharogenic activity and in free and total alpha- and 
beta-amylase activities. No explanation is offered now for the marked 
difference in the results for maltose value obtained here from those of 
Swanson (5); and further study of this discrepancy is indicated. In 
this connection, furthermore, it was shown that flour from immature 
wheat which had been thoroughly dried prior to reconditioning for mill¬ 
ing, had a significantly lower maltose value than flour from the same 
grain dried only to a moisture value of 16% before milling. Partial 
explanation of this difference may be found in the data of Schwimmer 
(4) who noted that the solubility of the beta-amylase of immature 
wheat was irreversibly reduced by drying the grain. 

Treatment of immature wheat with dry ice at considerable concen¬ 
tration (2% and 20%) under conditions which allowed the subliming 
ice to cool the grain to very low temperatures (below — 7S®F.) is shown 
in this study to have little influence on the physical and biochemical 
properties of the wheat with the exception of a reduction in germination 
of the sample which contained 26.5% moisture. Experimentation with 
these high concentrations of dry ice and the use of insulation appear 
to be justified since, in commercial applications, grain directly contig¬ 
uous to dry ice would undergo the same treatment accorded in this 
study to the freshly harvested grain. 

The baking study indicated'that dry ice treatment caused a reduc¬ 
tion in crumb quality as evidenced by coarse and open grain. A small 



366 


INFLUENCES ON IMMATURE WHEAT QUALITY Vol n 


reduction in loaf volume also occurred due to dry ice treatment, indi¬ 
cating that the gas retention properties of the doughs were affected. 
That these deleterious effects are not attributable primarily to the low 
temperature attained by the grain with dry ice treatment, is seen from 
the fact that this same wheat which had been stored at — 20°F. for 24 
days with 18% moisture and without dry ice treatment, showed crumb 
characteristics at a par with flour from immature wheat which had been 
dried at room temperature without other treatment. The nature of 
the biochemical damage caused by dry ice to the grain as manifested 
by poorer grain and volume characteristics was not indicated in this 
study. This result raises the possibility that carbon dioxide generated 
by excessive respiration in immature grain might similarly injure wheat 
quality. 

An interesting point in this study is the fact that immature wheat 
harvested at 26.5% moisture and dried in the room yielded bread of 
considerably better loaf volume and crumb grain than the same wheat 
which had been allowed to ripen in the field under apparently ideal 
maturing conditions. The data obtained in this study are, however, 
insufficient to indicate the degree of significance of this fact. 
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FACTORS AFFECTING THE COLOR OF MACARONI, 
m. VARIETAL DIFFERENCES IN THE RATE OF 
PIGMENT DESTRUCTION DURING MIXING» 

G. N. Irvine, C. A. Winkler, and J. A. Anderson 

ABSTRACT 

The rates of pigment destruction during mixing in distilled water, 0.001 
M cyanide, 30% alcohol, and 0.001 M alpha naphthol have been investigated 
with two series of durum varieties. All varieties behave similarly in the 
various media. The data clearly indicate the different effects produced by 
cyanide and alpha naphthol; cyanide inhibits the enzymic reaction, and 
alpha naphthol acts merely as an anti-oxidant. Good and poor varieties 
may be characterized by an activity coefficient which is calculated from the 
rate of oxidation, weighted in terms of the pigment available for oxidation. 

For a series of 13 durum varieties of widely differing quality, this coefficient 
gave a good indication of macaroni-making quality. There is good evidence 
that the enzymic activity is characteristic of a variety, but that it is also 
influenced by environment. 

A prior paper (3) in this series dealt with the reaction responsible 
for the destruction of the xanthophyll pigments of semolina during 
mixing. Evidence was reported which indicated that the pigment is 
oxidized through a coupled reaction simultaneously with the peroxida¬ 
tion of unsaturated fats in the dough by the enzyme lipoxidase. Dur¬ 
ing this work, three major inhibiting agents were found: cyanide ion, 
alpha naphthol, and alcohol. 

The present paper is concerned with two variety studies which were 
made during the more extensive investigation previously reported. The 
first study was made primarily to determine whether or not the charac¬ 
teristics of the oxidation reaction in water, cyanide, and 30% alcohol 
were similar for varieties of differing macaroni-making quality. Quite 
large samples of material were available and the reaction was investi¬ 
gated over a fairly wide range of mixing times. The second series of 
varieties was much more extensive than the first but much less material 
was available. It was felt, however, that the evidence obtmned with 
the first series justified using fewer mixing times to obtain the infor¬ 
mation that was desired from the second series. This series provided 
a better opportunity to investigate the extent to which rate of oiddation 

1 Manuscript received April 21, 1950. Presented at the Annual Meeting, May. 1950. 

Joint contribution from the Grain Research laboratory. Board of Grain Commi^oners for Canada, 
Winnipeg, Manitoba, and the Department of Physical Chemistry, McGill University, Montreal, P. Q. 
Paper No. 106 of the Grain Research Laboratory and No. 281 of the Associate Committee on Grain 
Resear^ (Canada). Condensed from part of a thesis presented to the Facul^ of Graduate Studies of 
McGxU University in partialJulfiUnent of the requirements for the degree of Doctor of PhiloBophy. 
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is a varietal characteristic and also to contrast the behavior of cyanide 
and alpha naphthol as inhibiting agents. 

Materials and Methods 

The first series of varieties comprised the named varieties Carleton, 
Mindum, Pelissier, and Golden Ball, and two plant breeder’s hybrids 
designated as Bald Medeah X 1317 and 1742. Each variety repre¬ 
sented a composite made up from material grown at the same group of 
experimental stations in Western Canada. But two of the composites 
represented the 1945 crop and four the 1946 crop. 

The second series contained most of the durum varieties which have, 
at one time or another, been grown in Western Canada; namely, the 
standard variety, Mindum, the recent varieties Carleton and Stewart, 
one of the old red durum varieties Pentad, and nine other varieties (see 
Table III). Each variety sample was composited from material grown 
in 1946 at 11 experimental stations across Canada. This series was 
grown for special tests by the Dominion Laboratory of Cereal Breeding 
and only small samples could be spared for this investigation. 

The material‘in both experiments was processed, as outlined in a 
previous paper (3), by the disc method of Cunningham and Anderson 
(2); 31% absorption was used for samples mixed with distilled water, 
cyanide or alpha naphthol solutions, and 33% for samples mixed with 
30% alcohol. Pigment content was determined on the ground discs by 
the standard method (1) employing the butyl alcohol solvent in con¬ 
junction with an Evelyn colorimeter. 

Results and Discussion 

Series I. Samples were mixed for intervals from one to ten minutes 
in distilled water, 0.001 N potassium cyanide, and 30% alcohol; the 
reaction curves are shown in Fig. 1. In general, the varieties all yielded 
similarly shaped curves for a particular treatment. In distilled water, 
all varieties with the exception of Carleton yielded a three-stage curve. 
The Carleton sample exhibited an induction period between the first 
and second stages which previous evidence (3) has shown to be an 
absorption effect; studies of other samples of Carleton have shown that 
this behavior is not typical of this variety, but is probably typical of 
all varieties at some particular absorption level depending on the sample. 
With 0.001 N cyanide, all varieties exhibited a three-segment curve, 
five out of six showing the slight reversal of the reaction during the 
third stage. With 30% alcohol the curves show only two segments; 
for Carleton the slope of the second segment is slightly negative, and 
for two of the other varieties there is also some reversal at the longer 
mixing times. 
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Discussion of the results will be limited to the first two segments of 
the reaction curves as it is improbable that the reaction ever proceeds 
beyond this stage during macaroni processing. The rapid initial por¬ 
tion of the curve has been called the “initial reaction,” the following 



E 


2 

g 





Fig. 1. Loss of pigment during mixing in distilled water (W), 0.001 N csmnide (C), 
and 30% alcohol <A) for six vaneties of durum wheat. 


zero order segment, the “m.ixing reaction.” Table I gives the rate of 
the initial reaction for eaoh sample in each of the three media as deter¬ 
mined from the reaction curves; the percentage inhibition by cyanide 
and the percentage inhibition or acceleration by alcohol are calculated 
from these rates. 
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Comparison of the initial pigment concentration with the rate of 
the initial reaction (Table I) shows that the rate of reaction is largely 
independent of pigment level. The rate of the initial reaction varies 
over a considerable range—from 0.61 to 1.87 p.p.m. per minute, a factor 
of three; for all but one sample, which is unaffected, cyanide inhibits 
this rate from 24 to 42%. For five samples out of six, alcohol accel¬ 
erates the rate, in some cases as much as 66%; one sample is unaffected. 

Table II lists data for the mixing reaction. The rate of the mixing 
reaction is largely independent of pigment level and varies, less widely 
than the rate of the initial reaction for the samples studied, from 0.235 
to 0510 p.p.m. per minute, a factor of slightly more than two. Cyanide 
inhibits the rate of the mixing reaction for five of the six varieties as 
much as 53%; overall inhibition of the reaction to ten minutes mixing 
by cyanide is marked for all of the varieties tested, and varies from 


TABLE I 

Inhibition of the Initial Reaction by 0.001 M 
Cyanide and by 30% Alcohol 


Variety 

Initial 

pigment 

p.p.m. 

Rate of initial reaction 
p.p m. per mmute 

Inhibition of initial 
reaction, % 



Alcohol 

Cyanide 

Alcohol 

Mindum 

4.02 

0.61 

0.62 

0.90 

0 

48* 

Pelissier 

4.57 

0.97 

0.73 

1.61 

25 

66* 

Carleton 

5.39 

1.11 

0.75 

1.82 

32 

64* 

Golden Ball 

5.98 


1.04 

2.49 

42 

38* 

1742 

4.02 


1.20 

1 88 

36 

0 

B. Med, X 1317 

4.94 

■ ■ 

0.84 

1.63 

24 

47* 

Mean 

4.90 

1,25 

0.85 

1.61 

32 

29* 


* Percentage acceleration. 


27 to 52%. Inhibition of the mixing reaction by 30% alcohol is very 
marked in all cases, ranging from 67 to 100%, and the net balance 
between acceleration of the initial reaction and inhibition of the mixing 
reaction after ten minutes of mixing shows an overall inhibition in all 
cases, varying from 17 to 60%. 

This experiment indicates two things. Firstly, the characteristics 
of the oxidation reaction in each of the three media are, in general, the 
same for durum varieties of widely differing macaroni-making quality; 
the differences in quality show up essentially as differences in the rates 
of various phases of the reaction. Secondly, it is evident, from a com¬ 
parison of the rates of reaction in cyanide and 30% alcohol that although 
both media effect an overall inhibition of the reaction, the mechanism 
of inhibition is quite different. This difference has been discussed in a 
previous paper (3). 
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TABLE II 

Inhibition of the Mixing Reaction by 0.001 M 
Cyanide and by 30% Alcohol 


Variety 

Initial 

pigment 

p.p.m. 

Rate of mixing reaction 
p.p.m. i>er minute 

Inhibition of 
mixing reaction. 

% 

Overall 

inhibition, 

% 

Water 

Cyanide 

Alcohol 

Cyanide 

Alcohol 

Cyanide 

Alcohol 

Mindum 

4.02 


0.147 


53 

80 

27 

41 

Pelissier 

4.57 


0.150 


52 

95 

52 

23 

Carleton 

5.39 

■ i K iTiM 

0.147 


51 

100 

48 

41 

Golden Ball 

5.98 

Ml; uB 



5* 

70 

29 

17 

1742 

4.02 



0.095 

12* 

74 

31 

29 

B. Med. X 1317 

4.94 





92 

30 

32 

Mean 

4.90 

0.365 



22 

80 

37 

35 


* Percentage acceleration. 


Series II. These samples were processed at two mixing times, one 
minute and four minutes, with distilled water, 0.01 N cyanide, and 
0.001 M alpha naphthol. Rates of the initial and mixing reactions 
were calculated from pigment losses for zero to one minute and for one 
to four minutes. The rates of the initial reactions in the three media, 
and inhibition as per cent and in terms of its pigment equivalent, for 
cyanide and alpha naphthol, are given in Table III; the rate of the 
mixing reaction in the three media, with the percentage inhibition by 
cyanide and alpha naphthol, the overall inhibition, and a series of 
activity coefficients, are given in Table IV. 

TABLE III 

Inhibition of Initial Reaction by 0.01 N Cyanide 
AND 0.001 M Alpha Naphthol 


Variety 

Initial 

pigment 

(p.p.m.) 

Rate of initial reaction 
(p.p.m. per minute) 

InhibiUon 

% 

Pigment equivalent 
of inhibition (p.p.m.) 

Water 

Cyanide 

a-naphthol 

Cyanide 

a-naphthol 

Csmnide 

ee-naphthol 

Carleton 

4.91 

0.82 

0.56 

0.00 

32 

100 

0.26 

0.82 

Mindum 


0.82 

0.39 

0.00 

52 

100 

0.43 

0.82 

Goose 


0.63 

0.38 

0.00 

40 

100 

0.25 

0.63 

Amautka 

3.70 

0.72 

0.72 

0.13 

0 

82 


0.59 

Stewart 

4.92 

0.89 

0.43 


52 

83 

0.46 

0.74 

Kubanka 

4.14 

1.13 

0.55 


51 

79 

0.58 

0.89 

Kahla 

4.91 

1.14 

0,75 


34 

81 

0.39 

0.92 

Pelissier 

4.99 

1.37 

0.78 


43 

67 

0.59 

0.92 

Acme 

2.86 

0.66 

0.36 

0.06 

45 

91 

0.30 

0.60 

Monad 

3.32 

0.77 

0.46 

0.00 

40 

100 

0.31 

0.77 

Pentad 

3.29 

EMI 

0.55 

0.21 

35 

75 

0.29 

0.63 

Bald Medeah 

4.17 

1.12 

0.96 

0.43 

16 

61 

0.18 

0.69 

Golden BaU 

4.51 

1.71 

1.54 

0.91 

10 

47 

0.17 

0.80 
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With these data, certain relationships between each phase of the 
reaction and the various factors have been examined and are discussed 
below. 

The Initial Reaction. A plot of the initial pigment concentration 
against the rate of the initial reaction indicated that these factors are 
largely independent; for eight of the thirteen varieties the rates were 
approximately the same, while for the remaining five the rates were 
somewhat higher but did not reflect the initial pigment concentration. 
The rate in cyanide followed the rate in water to some extent, the 
correlation coefficient being significant beyond the 1% point; however, 
this was due almost entirely to the effect of the same five varieties 
which showed a higher rate in water. The rate in alpha naphthol also 
followed the rate in water, the correlation being highly significant and 
again, due largely to the same five varieties. 

Comparison of the percentage inhibition of the initial reaction by 
cyanide and alpha naphthol clearly illustrates the difference between 
the action of these two inhibiting agents; cyanide inhibition varies from 
0 to 52% (average value 35%) while alpha naphthol inhibition varies 
from 47 to 100% (average value 82%). It was suggested in the pre¬ 
vious paper (3) that cyanide acted on an activating system rather than 
directly on the enzyme; this would reduce the effectiveness of the 
enz37mic oxidation but should not reduce it to zero. Alpha naphthol, 
on the other hand, acts as an antioxidant and thus should largely pre¬ 
vent oxidation of the pigment until the added alpha naphthol is ex¬ 
hausted. This difference is shown more clearly by comparing the 
pigment equivalents of the alpha naphthol and cyanide inhibition, these 
vary from 0.59 to 0.92 p.p.m. (mean, 0.76 p.p.m.) for alpha naphthol, 
and from 0.00 to 0.59 p.p.m. (mean, 0.32 p.p.m.) for cyanide. Although 
the rate in water varies threefold, from 0.63 to 1.71 p.p.m. per minute, 
the pigment equivalent of the alpha naphthol inhibition is roughly con¬ 
stant about the mean value of 0.76 p.p.m. In contrast, a plot of the 
cyanide equivalent against the rate in water shows a wide random 
scatter with no apparent trend. 

The Mixing Reaction. A plot of the initial pigment concentration 
against the rate of the mixing reaction indicated that there is no rela¬ 
tion between these two factors. The rate of the mixing reaction fol¬ 
lowed the rate of the initial reaction reasonably well; the correlation 
between these two was 0.87 (1% = 0.68). This would be expected on 
the basis of the hypothesis proposed for the mechanism of the reaction 
(3) if all samples had been milled and stored under similar conditions. 

For ten of the thirteen samples, the rate in cyanide followed the 
rate in water very closely; two varieties, Golden Ball and Stewart, 
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appeared to be more sensitive to cyanide, while Kubanka was less so. 
These differences did not appear during the initial reaction. 

The rate in alpha naphthol appears to be largely independent of the 
rate in water. 

Inhibition by cyanide is more pronounced during the mixing reac- 
action than during the initial reaction, varying from 20 to 100% (aver¬ 
age 52%). This behavior contrasts with that of alpha naphthol which 
affects the mixing reaction much less than the initial reaction, inhibition 
varying from 59% to three cases of slight acceleration (average 14%); 
it appears that the amount of alpha naphthol added just prevents the 
initial reaction but is exhausted early in the mixing reaction. This 


TABLE IV 

Inhibition of Mixing Reaction by 0.01 N Cyanide 
AND BY 0.001 M Alpha Naphthol 


Variety 

Rate of mixing reaction 
(p.p.m. per minute) 

Inhibition 

% 

Overall inhibition 
% 

Activity 

coefficient 

Water 

Cyanide 

a-naphthol 

Cyanide 

tt-naphthol 

Cyanide 

ce-naphthol 

Carleton 

0.17 


KBm 

59 

0 

44 

66 

0.13 

Mindum 

0.17 

0.06 


65 

12 

58 

69 

0.14 

Goose 

0.18 

0.09 


50 

49 

45 

76 

0.15 

Arnautka 

0.16 

0.06 

0.16 

63 

0 

26 

50 

0.16 

Stewart 

0.27 


0.11 

100 

59 

74 

73 


Kubanka 

0.20 

0.16 


20 

* 

40 

42 


Kahla 

0.27 

0.18 

BUS 

33 

« 

35 

33 

0.22 

Pelissier 

0.31 

0.20 

0.25 

35 

19 

39 

48 

0.26 

Acme 

0.20 

mEm 

0.18 

55 

10 

50 

53 

0.27 

Monad 

0.24 

0.14 

0.27 

42 

* 

40 

45 

0.29 

Pentad 

0.23 

0.12 

0.24 

48 

0 

41 

39 

0.29 

Bald Medeah 

0.31 

0.20 

0.24 

36 

23 

24 

44 

0.31 

Golden Ball 

0.44 

0.16 

0.39 

64 

11 

34 

31 

0.48 


Slight acceleration. 


contrast provides additional support for the hypothesis suggested to 
account for the behavior of these inhibiting agents. 

From the data on overall inhibition, it is clear that in general cyanide 
has a marked inhibiting effect on the reaction responsible for pigment 
destruction and that the same is true of alpha naphthol. 

The Activity Coefideni. The activity coefficient (last column of 
Table IV) is obtained by dividing the pigment destroyed in the interval 
from one to four minutes of the mixing reaction by the amount remain¬ 
ing at the end of the initial reaction (after one minute). It appears 
to be a useful measure of the potential contribution of the yellow pig¬ 
ment factor to macaroni quality. No suggestion is made that this fig¬ 
ure gives a reliable index of macaroni-making quality since it takes no 
account of the brown pigment, and therefore, gives a reasonable meas- 
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lire of relative macaroni-making quality only when the amount of 
brown pigment is small. The claim for the activity coefficient is that 
it indicates relatively how much pigment will remain after a given treat¬ 
ment, and provides a useful index of enzymic activity. 

In spite of the large differences in initial pigment content among the 
varieties studied, the coefficient gives an excellent indication of the 
enzymic activity as well as a reasonable indication of the amount of 
pigment remaining after four minutes of mixing. The correlation be¬ 
tween activity coefficient and pigment content after four minutes mix¬ 
ing, is 0.80 (1% = 0.68). For this series, then, in which environmental 
effects were largely eliminated, the activity coefficient is characteristic 
of the varieties and could be very useful in distinguishing between good 
and bad varieties. It is interesting to compare these activity coeffi¬ 
cients with others calculated for different samples of some of these 
varieties during the course of this whole investigation: 


Pelissier 

0.23 

Carleton 

0.13 

(variation 22%) 

0.28 

(variation 8%) 

0.13 

0.26 


0.14 

Golden Ball 

0.49 

Mindum 

0.27 

(variation 18%) 

0.42 

(variation 240%) 

0.34 


0.48 


0.10 




0.14 


These data emphasize a point which has been noted for many years 
in testing plant breeders’ varieties: Mindum is a rather unstable vari¬ 
ety, being as good as the best varieties in some years, but being con¬ 
siderably poorer in others. Although no similar data on the variation 
of the activity coefficient are available for Stewart, experience with 
other varietal series has indicated that this variety is also more unstable 
than Carleton, although not to as marked a degree as Mindum. It is 
also interesting to note the effect of mixing good and poor varieties. 
Although the data at present are very limited, it has been found that a 
mixture of about 50% Golden Ball with 50% of the best varieties yields 
semolina which has an activity coefficient of 0.35 and gives a reaction 
curve typical of Golden Ball alone. A more extensive investigation of 
this phenomenon is planned for the near future. 
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STUDIES WITH DOGS FED FLOUR TREATED 
WITH AMMONIUM PERSULFATE^ 

Aaron Arnold and Frans C. Goble 

ABSTRACT 

Dogs were fed diets which contained high levels of untreated flour or of 
flour treated with 0.15% or 1.0% ammonium persulfate for periods of 
time up to 16 months. Observations were made throughout of gross ap¬ 
pearance, weight gains, kidney dye clearances, blood picture (hemoglobin, 
total red and white cell counts, and differential white cell count including the 
polymorphonuclear neutrophiles, eosinophiles, lymphocytes, and mono¬ 
cytes), followed by examination of the thoracic and abdominal viscera, the 
endocrines, the central nervous system at autopsy, and microscopic study of 
the organs. On the basis of these studies it is concluded that ammonium 
persulfate, even in amounts which are more than 200 times those which 
would be present in commercially treated flour, is an innocuous ingredient in 
the diet. 

As a result of Mellanby’s report (8) on the toxicity of nitrogen 
trichloride-treated flour, great interest has been focused on possible 
undesirable effects of other agents used for treating flour. As indi¬ 
cated in a recent review (1), several investigators have shown that only 
nitrogen trichloride, of all agents thus far tested in short-term feeding 
trials, exerts any deleterious action. 

This communication gives the results obtained on dogs when am¬ 
monium persulfate was used. Reports (6) indicate that this agent is 
used widely in Europe and at one time most of the flour in England 
was treated with it. Tests with dogs are practically mandatory in 
view of the fact that observations with this species first brought to 
light an unfavorable effect due to the use of nitrogen trichloride for 
flour treatment. Also, dogs have proven to be the species most sensi¬ 
tive to the effects of the toxic agent produced by the nitrogen tri¬ 
chloride treatment of flour. 

Materials and Methods 

Diets, The composition of the diets, patterned after those of 
Mellanby (8), was given in detail in a previous paper (2). In ^dition 
to two dogs fed control diets, six dogs were fed a diet which contained 
flour with 0.15% or 68 g. of ammonium persulfate per cwt (45.4 kg.), 
and four dogs were fed a diet which contained flour with 1.0% or 454 g, 
of ammonium persulfate per cwt (45.4 kg.). 

1 Manuscript received February 23. 1950. 

Contribution from Sterbng-Winthrop Research Institute, Rensselaer, N. Y. 
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The flour and yeast components of the diet were steamed 90 
minutes before feeding. Thus, the persulfate exerted its action upon 
the flour prior to its ingestion. As observed by Kent-Jones and Amos 
(6), tests (4) indicated no free persulfate at the end of the steaming 
period. The end product of persulfate appears to be ammonium 
sulfate, an agent routinely added to bread doughs as a yeast food. 
Diets containing nitrogen trichloride-treated flour which had been sub¬ 
jected to steaming in the same way were manifestly toxic to dogs (8). 

Dogs, In all, 12 dogs were used in this study. Seven of them had 
previously not been used for any tests. However, the tests which are 
given below on five of them, numbers 9, 10, 12, IS, and 17, represent 
further study on dogs earlier used and reported (2). In that study, 
the dogs had been subjected to several successive short-term feeding 
trials of diets which contained one or another of several flour maturing 
agents. Thus, five of the dogs had experienced serious untoward reac¬ 
tions due to the ingestion of nitrogen trichloride treated flour prior 
to their use in this portion of the study. 

Organ Function Tests, To provide additional and more refined 
methods of confirming the apparent well-being of the dogs, several 
tests, such as are used for humans in clinics, were performed at ap¬ 
proximately monthly intervals on the dogs. 

The test (9) for kidney function was based on measuring the 
capacity of the kidney to clear phenolsulfonphthalein from the blood¬ 
stream. The dye was injected intramuscularly into the dogs and the 
amount present in urine samples taken by catheterization at ^ and 
1 hour after injection was estimated colorimetrically and compared 
with the amounts injected. Ten readings were obtained on the dogs 
carried through the entire experimental period. 

Supplementary to this, six observations were made during the 
latter 12 months of test on the amount of urinary protein precipitable 
by phosphotungstic acid (10) as another measure of possible renal 
damage. In general, only minute amounts of protein, 0.2g per 1 of 
urine, are consistently expected. 

Hematological Tests, The 17 hematological examinations of the 
dogs performed at approximately monthly intervals in all cases com¬ 
prised the following: Total red and white cell counts, hemoglobin con¬ 
tent, and differential white cell count. The normal values for each of 
the abfeve items are known from numerous studies reported in the 
literature, but collateral studies on control dogs in our own labora¬ 
tories have been made throughout the course of these investigations. 

Post-mortem Examinations. Five of the dogs were sacrificed by 
rapid intravenous injection of Evipal Sodium rather early in the tests 
(after 22 weeks of test for four of the dogs and six weeks of test for the 
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control dog). The remaining dogs were sacrificed at the termination 
of the studies after approximately 16 months of test. A gross examina¬ 
tion of the thoracic and abdominal viscera, the endocrines, and the 
central nervous system was made. Material from the various organs 
was fixed in 10% formalin for subsequent histological examination. 
Paraffin sections of the following organs, stained with hemalum and 
eosin, were examined microscopically: heart, lungs, liver, spleen, 



Weeks on Test 

Fig. 1. Weight records of dogs fed diets containing flour treated with none, 0.15%, or 1.0% am¬ 
monium persulfate. The arrows indicate the times at which the dogs were sacrificed. Dogs 47,25, 26. 
23, 27 and 28 were fed the indicated diets without any premedication control period. Dogs 9, 10, 12, 
15, and 17 were fed the indicated diets subsequent to a 90 day feeding trial of essentially the same 
regimen except tliat the flour had been treated with 0.033% ammonium persulfate (2). 

kidneys, pancreas, stomach, intestine, lymph nodes, th 3 o:oid, adrenal, 
pituitary, brain (including cerebral cortex, basal ganglia, hippo¬ 
campus, m ammillar y bodies, cerebellum, pons), spinal cord, and 
gonads. In addition, sections of the central nervous s 3 rstem were 
stained by the following methods for the demonstration of particular 
structures: Mallory’s (7) phosphotur^tic acid hematoxylin for glia 
fibers, cresyl violet for Nissl bodies, Bodian’s protargol for axis cylinders 
and Weil’s (11) method for myelin sheaths. 
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Results 

Weight Records, It will be noted from Fig. 1 that the dogs were 
fed the test diets for 16 months. For five of the dogs, this portion of 
the study was subsequent to the part reported earlier (2) so that, in all, 
these five were on test for two years. While a diet high in flour is not 
particularly well suited to dogs, it is apparent that they were main¬ 
tained satisfactorily on it. The presence or absence of persulfate 
treatment obviously did not affect their weights even after extended 
periods. In addition, the weights of the control dogs did not appear 



Weeks on Test 


Fig, 2. Kidney function test by dye eiccretion of dogs fed flour containing diets. Solid lines are 
average yaluw for normal animals and dotted lines are upper and lower limits (± 2 standard deviations) 
of normal values in our colony as determined in more than 50 dogs. Key to dog numbers: Control 
dogs—;op^ cMe (O) 47, solid circle 48; Dogs fed flour with 0.15% persulfate—open triangle ( A) 
9, solid trwngle (A) 12. open square (Q) 15, solidsquare (■) 17, open drde (O) 25, solid circle (•) 26; 
Dogs fedflpur with 1.0% persulfate—open circle ( O) 10, open triangle (A) 23, solid circle (•} 27, open 
square (QJ 28. 

to differ materially from the test dc^s, further indicating a lack of 
difference in the nutritive value of the diets. 

Kidney Function Evaluated by Dye Exertion. The means ± 2 s.d. 
of the kidney function results observed on over 50 normal dogs in our 
colony have been indicated for reference. The mean excretion at 
30 minutes was 28 ± 9.2% and, at 60 minutes 50 db 12.2% (means db 
8.d.). 

From the data given in Fig. 2 it may be seen that the excretions 
fall within the normal range as here deiced. The two h^h hour 
values observed early in the test on two of the dogs cannot be regarded 
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TABLE II 

Summary (means =t s.e.) of Hematological Observations on the Dogs Fed 
Diets which Supplied either untreated Flour or Flour Treated with 
0.15% OR 1.0% OF Ammonium Persulfate 


Dietary 

persultate 

level 

Dog 

no 

No. 

readings 

Hemo- 

globm 

Red 
blood 
cells 
X10« 1 

White 

blood 

cells 

XIO' 

Neutro- 

philes 

xio» 

Eosino- 

philes 

X103 

Lympho¬ 

cytes 

xio* 

Mono¬ 

cytes 

X10» 

% 



wg. % 







None 

47 

12 

13.2 

67 

20.4 

14.2 

1.3 

3.9 

0.5 




=fc.3 

±.4 

±1.3 

±1.4 

±.2 

±.4 

±.l 

It 

3P 

4 

13 7 

6.7 

10.8 

7.0 

06 

2.8 

0.3 




±4.5 

±.3 

±1.0 

±.3 

±1 

±.2 

±.l 

ti 

321 

4 

14.8 

6.1 

10.9 

b 1 

.5 j 

2.0 

.2 




±2.2 

±.2 

±1.9 

±1.0 

±.2 I 

1 

±.l 

II 

361 

4 

17.8 

7.3 

11.2 

7.5 

0 5 

2.8 

04 




±.2 

±.l 

±1.5 

±.9 

±.l 

±.7 

±.l 

It 
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4 

14.8 

5.9 

19.5 

13.0 

1.1 

46 

07 




±.2 

±.l 

±3.6 

±3.3 

±.3 

±.8 

±.2 

i( 

40^ 

4 

16.4 

6.2 

15.2 

8.0 

2.8 

4.0 

.5 




±.4 

±.l 

± 2.7 

±12 

±.7 

±.9 

±.l 

(( 

431 

4 

187 

^8 

10.1 

7.2 


1.9 





±.o 

d t 

1 ±1.5 

±1.3 

±.l 

±.2 

±.2 

O.IS 

9 

17 

16.0 

6.8 

I 13.0 

6.9 

1.2 

4.6 





±.3 

±.2 

±1.1 

±.8 

±.2 

±.4 

±.l 

II 

12 

17 

14.8 

6.9 

1 17.7 

11.1 

1.0 

5.2 

0.4 




±.3 

±.2 

1 ±1.1 

±.8 

±.l 

±.4 

±.l 

11 

IS 

17 

16.0 

7.1 

11.6 

6.2 

1.5 

3.7 





±.4 

±.3 

±1.1 

±.8 

±.2 

±.3 

±.l 

It 

17 

17 

15.4 


14.1 

8.6 

1.3 

5.1 





±.2 

±.3 

±.7 

±.6 

±.5 

±.4 

±.l 

If 

25 

5 

13.3 

5.4 • 

15.2 

9.1 

0.7 

5.1 

0.3 




±.4 

±.3 

±2.8 

±2.4 


±1,0 

±.l 

It 

26 

5 

14.3 

6.7 

11.3 

8.0 


2.3 

0.4 




±.2 

±.4 

±2.2 

±1.0 


±.3 

±.l 

1.0 

10 

17 

16.1 

7.3 

12.7 

8.4 


3.4 

0.3 




±.2 

±.3 

±.7 

±.5 

±.l 

±.2 

±.l 

If 

23 

5 

16.3 

6.3 

13.5 

8.7 

.6 

3.8 

.2 




±.5 

±.5 

±2.0 

±1.5 

±.2 

±.8 

±.l 

ft 

27 

17 

17.4 

7.5 

12.3 

8.2 

0.4 


0.5 




±.3 

±.3 

±.7 

±.5 

±.2 


±.l 

It 

28 

5 

14.5 

6.2 

12.0 

9.5 

0.1 


0.2 




±.8 

±.3 

1 ±2.3 

±1.8 

±.l 


±.l 


1 Hematological readings on six control dogs which were not otherwise associated with this study. 
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as significant evidence of poor function in view of the normal values on 
the same dogs subsequently. 

Kidney Function Evaluated hy Urinary Protein, The data on the 
urinary protein excretions are given in Table I. It may be seen that 
there are no consistent trends of progressive increase of urinary protein 
output and that the means of the three groups overlap so that no 
evidence of kidney derangement can be ascribed to any of the dietary 
treatments. Whether catheterization of the dogs in taking the samples 
contributed to the wide range of values obtained cannot be indicated 
with certainty, though it is believed that this may have influenced the 
results to some extent. 

Urinary Calculi, The control urine samples were examined for 
sediment. The samples were by no means free of casts, bacterial 
cells, “triple phosphates”, etc. but these were not present to a marked 
extent in any of the dogs, nor were any of the three groups of dogs 
distinguished by any differences. Also, consistent progressive in¬ 
creases in urinary sediment in the dogs could not be established. Here 
again, irritation due to catheterization probably affected the findings. 

Hematological Examinations, The hematological findings were 
calculated so as to yield an individual value for each dog (mean db s.e.). 
For added comparative purposes, the readings on six control dogs, in no 
way connected with these studies, have been included in Table II. 

It may be noted that, in the elements given in the table, there are 
no trends which can be correlated with the ingestion of ammonium 
persulfate treated flour. There is as much variation among the dogs 
within a group as among the dogs between groups. Thus, this method 
of following the well-being of the animals disclosed no adverse findings. 

Post-mortem Examinations, Neither gross nor microscopic exam¬ 
ination of the organs of the dogs on test revealed any tissue changes 
attributable to the ingestion of the ration which included ammonium 
persulfate treated flour. No conditions were found which did not also 
occur in the control dogs fed untreated flour. Parenthetically, it may 
be noted that a careful study did not disclose any lesions in sections of 
the tissues of two dogs sacrificed while showing symptoms of running 
fits induced by nitrogen trichloride treated flour. 

Discussion 

Under conditions of test which were far more rigorous than those 
which lead to running fits in dogs fed nitrogen trichloride treated flour, 
dogs fed ammonium persulfate treated flour show no ill effects. Thus, 
dogs fed nitrogen trichloride treated flour at commercial levels of 
treatment (8) developed running fits in a matter of two to four weeks. 
In contrast, dogs fed ammonium persulfate treated flour for periods up 
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to 16 months at levels which were approximately 200 times the level of 
treatment required to achieve maturing action evidenced no adverse 
reaction as judged by weight maintenance, kidney dye clearance, 
urinary protein outputs, hematological examinations, post-mortem 
examinations, or by tissue section study. These observations are in 
agreement with our own earlier preliminary studies (2) and those of 
Bentley et al (5). 

These observations are in accord, also, with results on rats fed 
flour containing ammonium persulfate and bread baked from flour 
treated with ammonium persulfate (3). And finally, this agent has 
been used extensively on flour intended for human consumption in 
Europe as indicated by Kent-Jones and Amos (6). 

On the basis of the studies summarized here we may conclude that 
ammonium persulfate is an innocuous ingredient when used for the 
maturing of flour. 
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BREAD LOAF VOLUME AND PROTEIN CONTENT 
OF HARD RED SPRING WHEATS ^ 

C. C. Fifield,2 Ray Weaver,® and J. F. Hayes ® 
ABSTRACT 

The relation between loaf volume and flour protein is reported for 589 
samples representing ten varieties of hard red spring wheat grown for four 
crop years under a wide range of climate and soil conditions. A rich formula 
containing milk solids, shortening, and potassium bromate in conjunction 
with optimum mixing time and water requirement was employed in the 
bread-baking tests. 

The relation between loaf volume and flour protein for each variety was 
linear between the limits of protein encountered, approximately 8.5 to 
18.0%. The regression lines for loaf volume on protein content for any 
variety were similar for the years 1944,1945,1946, and 1947, indicating that 
the bread-baking quality of each variety was essentially the same in different 
years. 

The level and slope of the regression of loaf volume on protein content 
for the varieties differed significantly, indicating differences between varieties 
in protein quality. 

It is well known that early investigations of the relationship between 
protein content of wheat and bread loaf volume by Thomas (12), 
Shollenberger (11) and others indicated a curvilinear relation. Bailey 
and Sherwood (1) calculated the formula for the curve based on the 
data of five crop years, 1921-1925. 

Zinn (13) in a study of the relationship of the different characters 
of American grown wheats based on published data (1907 to 1919) 
obtained high correlation coefficients between loaf volume and protein 
content. Larmour (8) found with samples of Canadian hard red spring 
wheats from the 1929 crop that the regression of loaf volume on 
protein was linear between the limits of 7.0% and 19.3% when a 
blend-bromate formula was used. Using baking techniques that more 
fully reflect the potentialities of each flour, linear relations within vari¬ 
eties have since been demonstrated by Barmore, Finney and McCIug- 
gage (2,3) Larmour, Working and Ofelt (9), and Bayfield and West (4). 
Barmore, Finney and McCluggage (3) and McCalla (10) showed that 
the level and -slope of the regression lines are different for different 
varieties. Exceptions to this linear relation may occur as a result of 

»Manuscript received Februaiy 20, 1950. ... , , . „ « 

s Di^dsion of Cereal Crops and Diseases (BPISAB), Agncultuxal Research Administration, U. S. 
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deleterious effect of excessive high temperature between heading and 
ripening of the grain on loaf volumes, as shown by Finney and Fryer (7). 

If it can be shown that the relation between protein content and 
loaf volume is generally linear for all classes of wheat, the characteri¬ 
zation and evaluation of varieties will be greatly facilitated. This will 
be true especially for samples that differ in protein content because of 
inherent differences or environmental conditions. The purpose of this 
paper is to present additional data bearing on the relation between 
protein content and loaf volume in hard red spring wheat varieties. 

Materials and Methods 

This paper presents results for 589 samples representing ten vari¬ 
eties of hard red spring wheat grown in experimental plots at approxi¬ 
mately 25 stations in nine states in the years 1944, 1945, 1946, and 
1947. All the samples were grown in the hard red spring wheat region 
but environmental conditions differed widely between some of the ex¬ 
periment stations. The varieties were Thatcher, Pilot, Rival, Regent, 
Mida, Ceres, Cadet, Newthatch, Henry, and Pilot X Mida No. 1756 
(C. I. No. 12303). The number of samples of each variety tested each 
year varied from six for the variety Henry to 25 for Thatcher. 

The samples used in this study were grown under variable but, in 
general, rather favorable seasonal conditions. The 1944 growing season 
was perhaps the best of the four. Although seedings were late the 
rainfall was abundant, resulting in good yields. The quality of the 
grain was good, and protein content was about average. The seasons 
in 1945 and 1946 were late and cool and except for some stem and leaf 
rust damage the yields were normal and the grain was of good quality. 
The protein content was high in both of these years with 1946 averaging 
higher. Excessive rain and cold weather delayed planting of the 1947 
crop. The moisture conditions during the growing season were gen¬ 
erally good except in northwestern North Dakota and northern Mon¬ 
tana where there was a deficiency in moisture. There appears to have 
been no damage to quality because of high temperature such as that 
reported by Finney and Fryer (7). The grain was of generally good 
quality and averaged about the same in protein content as the samples 
of the 1944 crop. 

The samples were milled to 90 per cent patent flours on the Allis- 
Chalmers experimental flour mill. The flours ranged from 8.5 to 
18.0% in protein content and 0.41 to 0.53% in ash content (14.0% 
moisture basis). The bread-baking tests were made by a formula 
described by Fifield, et al, (5) using 100 grams of flour, 2.0 grams 
of compressed yeast, 1.5 grams of salt, 5.0 grams sugar, 0.25 grams 
of malted wheat flour, 3.0 grams of shortening, 4.0 grams of non- 
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fat dry milk solids, and varying amounts (0 to 4 mg.) of potassium 
bromate. The ingredients for two loaves of bread were mixed for a 
sufficient length of time for optimum dough development in a Hobart- 
Swanson dough mixer with four pins in the head and two pins in the 
bowl and operated at 108 r.p.m. The doughs after mixing were divided 
into two equal parts, fermented for 3 hours at 86°F. (30°C.), panned 
and proofed for SS minutes at 86®F. (30®C.) then baked for 25 minutes 
at 450®F. Loaf volumes and other data were averaged for the two 
loaves. Loaf volume data are presented only for those loaves contain¬ 
ing that amount of potassium bromate that produced maximum loaf 
volumes. In most instances the loaf having the greatest volume also 
had the best grain, texture, and crumb color. This procedure is sub¬ 
stantially the same as that used by Finney and Barmore (6). 

Results and Discussion 

Comparison of Interannual Results Within Variety. The number of 
samples, correlation coefficients, and regression equations for bread loaf 
volume vs. protein content of flour for each variety in each of the years 
1944 to 1947 are given in Table 1. The relations between loaf volume 
and flour protein content are shown graphically by means of regression 
lines in Fig. 1. 

The relation between loaf volume and protein content was essen¬ 
tially linear within each variety, as shown in Fig. 1. It is evident from 
these coefficients (r varies from + 0.77 to + 0.99), which were all found 
to be significant at the 1% level, that protein content accounts for a 
large part of the variation in loaf volume within a variety regardless 
of season. 

The protein content of the samples of each variety in this study 
with the exception of Henry, ranged from approximately 8.5 to 18.0% 
depending upon the environment under which they were grown. The 
protein content for Henry varied from 9.0 to 14.0%. There were 
fewer high protein samples of Henry, because it was not grown at 
the stations in the western part of the region where high protein samples 
of other varieties are generally produced. 

The slopes of the regression lines (Fig. 1) for any individual variety 
were similar for each of the four years. None were significantly differ¬ 
ent as shown by covariance analysis. The greatest variation appears 
to be for the variety Henry between the 1946 and 1947 seasons, prob¬ 
ably due to the relatively small number of samples for this variety. 
The agreement between the regression lines for different years seems 
to be best for Pilot, Cadet, Newthatch, Regent, and Mida. The data 
indicate that the increment of increase in loaf volume per unit increase 
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Fig. I. Annual regression lines for loaf volume and flour protein for ten hard red spring vrheat 
varieties grown for tte 1944-1945-1946 and 1947 seasons. 

in protein content is essentially the same for any one variety in different 
years. 

Comparison of Varieties. Since the regression lines for the same 
variety are substantially the same for different seasons, a comparison of 
varieties based on the average of all seasons seems justified. The four- 
year average protein content, loaf volume, regression equations, and 
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the loaf volume calculated to 10.0, 12.0, and IS.0% protein for the 
ten varieties are shown in Table II. The regression lines showing the 
relation between loaf volume and flour protein content are presented 
graphically in Fig. 2. It should be noted that all varieties were hot 
grown at all stations and, therefore, their average flour protein contents 
and loaf volumes are not directly comparable. For example, Henry as 
noted above was not grown at the western stations in the region where 
protein contents of the other varieties were high. 

The correlation coefficients (r) varied from + 0.84 for Newthatch 
and Mida to + 0.96 for Ceres and were all highly significant. This 
means that flour protein content accounted for about 17 to 92% 
of the variation in loaf volume within varieties. The change in loaf 

TABLE II 

Summary of Protein Content and Loaf Volume Data for 
10 Varieties of Hard Red Spring Wheat 


Variety 

Number 

of 

samples 

Average 

Loaf volume at» 

Correlation 

coefficient 

Regression 

equation 

•9- 

Flour 

protein! 

Loaf 

volume 

10.0% 

protdn 

12.0% 

protem 

15.0% 

protem 



per cent 

cc. 

cc. 

cc. 

cc. 

(r) 


Henry 

31 

11.5 

820 

741 

846 

1005 

0.88 

213+S2.8 X 

Pilot 

73 

12.7 

869 

725 

832 

993 

0.91 

188+53.7 X 

Regent 

51 

13.4 

892 

716 

820 

975 

0.91 

197+51.9 X 

Cadet 


13.5 

889 

725 

819 

959 


257+46.8 X 

Rival 


12.9 

859 

678 

803 

991 

0.86 

52+62.6 X 

Thatcher 

90 

13.5 

874 

693 

797 

952 

0.90 

175+51.8 X 

Newthatch 


14,1 

880 

701 

789 

mum 

0.84 

262+43.9 X 

Mida 

73 

13.1 

835 

691 

784 

924 

0.84 

225+46.6 X 

Pilot X Mida 

46 

12.4 

803 

680 

783 

937 

0.91 

165+51.5 X 

Ceres 

35 

13.7 

865 

676 

779 

932 

0.96 

163+51.3 X 


114.0% moisture basis. 

3 Calculated from regression equation. 


volume for each per cent increase in protein content based on the regres¬ 
sion equation varied from 43.9 cc. for Newthatch to 62.6 cc. for Rival. 
A majority of the variety regression lines, however, had slopes of 50.0 
to 56.0 cc. An analysis of covariance, showed that only the slope of 
the line for Rival differed significantly from those of other varieties. 
It can be observed in Fig. 2 that high protein flours of Rival produced 
relatively large loaves of bread; whereas, low protein flours of this 
variety generally made smaller loaves than did flours of Thatcher having 
comparable protein content. 

Significant loaf volume differences exist between certain of the 
hard spring varieties at the various protein levels. For example, at 
12.0% protein the loaf volume for Henry was 846 cc. in contrast to 
779 cc. for Ceres and 783 cc. for Pilot X Mida, Each of the more 
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important loaf volume differences at 12.0% protein was compared 
with the corresponding standard error of the difference. In general, 
a loaf volume difference of about 45 cc. bet>\’een two varieties was 
significant at the 5% level; whereas, a difference of more than 60 cc. 
was significant at or beyond the 1% level. The loaf volume dif¬ 
ferences between Henry and the varieties Ceres, Pilot X Mida, and 
Mida were 2.91, 3.10, and 3.77 times, respectively, the standard 
errors of the difference for the paired comparisons, and were significant 



8 10 18 14 16 18 

FLOUR PROTEIN PERCENT (14 0 PERCENT MOISTURE BASIS) 

Fig. 2. Loaf volume-flour protein content regression lines for ten varieties of hard red spring '^heat 
grown for four years at several stations. 

beyond the 1% level. The average load volume differences of about 
50 cc. between Pilot and the varieties Ceres and Pilot X Mida were 
found to be significant at the 5% level. The difference of 41 cc. 
between Regent and Ceres approached significance t = 1.94. Sig¬ 
nificance at the 5% level would require that t = 1.99. 

Studies of this laboratory and of Finney and Barmore (6) indicate 
that regression lines for loaf volume on protein content are reliable 
indexes of gluten quality and the potential breadmaking value of vari- 
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eties of wheat. Loaf volume, of course, depends both on the quality 
and the quantity of the protein in the flour as well as on certain other 
variable factors. 
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THE CYSTINE CONTENT OF WHEAT FLOUR IN 
RELATION TO DOUGH PROPERTIES '■ 

B. WSSTMANN * 

ABSTRACT 

'rhc c> Stine content ot wheat flour proteins determined polarographic- 
ally varied from 2.2 to 4.5%. The physical properties of salt-water doughs, 
as reflected by the surface area of the extensograms for 23 flours taken after 
a rest-lime of 135 minutes are positively correlated with protein content, the 
cystine content of the flour proteins, and the total cystine content of the 
flour. The correlation coefficients between the extensogram area and these 
respc^ctivo variables were -f-0.82, +0.77, and +0.92. 

'rhc disulfide bond has long been regarded as an important struc¬ 
tural unit in the protein molecule (8) and several research workers have 
pointed out the importance of this linkage in determining the properties 
of the wheat flour proteins (1, 13, 16, 17). 

As part of an investigation of the factors which determine the bak¬ 
ing quality of flour, the cystine contents of protein preparations from 
23 wheat flours were determined by a polarographic method and the 
results correlated with the physical properties of salt-water doughs, as 
determined by means of the Brabender Extensograph. The polaro¬ 
graphic technique was used to determine cystine because the results are 
not materially influenced by the carbohydrates which are present in 
the protein preparations used for analysis. 

Materials and Methods 

Wheat Flotm, I'or this study 23 wheat flours were employed; 
seven of these were hard wheal flours and three were soft wheat 
flours imix)rted from the UnitcKl States in 1946 and 1947 by the Dutch 
government. The remainder were soft flours of 80% extraction milled 
from Dutch wheat. As far as is known, none was bleached. 

Polarographic Determination of Cystine in Flour Protein Hydroly¬ 
sates. Cystine was determined by a polarographic method based on 
that described by Brdicka (6) in 1934. He showed that in 0,1 N 
ammonium hydroxide — 0.1 iV ammonium chloride as supporting elec¬ 
trolyte, cystine gives a characteristic current-voltage curve in the polar- 
ograph if 0.001 N cobaltous chloride is added. The cystine is reduced 
to cysteine at -0.4 volts at the dropping mercury electrode and then 

»deceived for pubUcatioqaNovcm^ 21, 1W9, 

* Ncitherland Institution or Nutrition, Amsterdam, Holland. 
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reacts with cobaltous ions to lorm a comple\ at the mercur> cathode. 
Starting at —1,5 volts this complex catalyzes an evolution of hydrogen 
at the cathode interface, the amount of which is dependent upon the 
concentration ol the complex on the cathode. As long as there is «i 
surplus of cobaltous ions with respect to the amount ol c>&tine present, 
the concentration ot the complex on the cathode surtace will be deter¬ 
mined by the amount ot cystine diffusing to the cathode. 



As a result of the catalytic evolution of hydrogen on the cathode 
interface which starts at a potential of —1.5 volts, the current- voltage 
curve assumes the configuration shown in Fig. 1. The potentials are 
measured against the saturated calomel electrode. 

Brdicka took the height of the minimum, C, as a measure of the 
cystine concentration. In later publications, however, he occasionally 
used the maximum, B, (7,10). He pointed out that at concentrations 
between 2 X lO"® and 10 X 10-® moles cystine per liter, the minimum 
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height IS not directly proportional to the cystine concentration, the 
increase in the height being relatively less as the concentration of cys¬ 
tine increases. Moreover, Sladek and Lipschutz (14) showed that the 
wave heights lor cystine were depressed by the presence ol other amino 
acids. For these reasons Stern, Beach, and Mac\ (15) employed a 
special calibration technique tor determining the c>&tine content ot 
protein hydrolysates. Increments ol a standard cystine solution were 



biG 2 Height ot thi mdMuium B and ot the mmimum C of tlu. cybtme ^ave at* a tunction 
of the Q'itme concentration 

added to a given volume of each hydrolysate under study and the 
relative changes in the height of the polarographic wave were measured 
By this method, calibration curves were obtained which applied to the 
estimation ot cystine in that particular hydrolysate. They reported 
that this technique permitted determining cystine in solutions contain¬ 
ing only 12 to 24 /ig/ml. with an accuracy of d=S%. 

Using a drop time of one second and an undamped galvanometer 
period of 2.5 seconds, a somewhat different conclusion was reached in 
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the present study. As long as the concentration did not rise above 
4 X 10“*^ moles cystine per liter, the height at the minimum remained 
almost directly proportional to the concentration as shown in Fig. 2. 
If different quantities of cystine were added to a protein hydrolysate, 
this relation was absolutely linear, provided the total concentration 
remained below the maximum cited above. 

For this reason, it was thought justifiable to add an amount of 
cystine to the hydrolysate equal to the amount estimated to be present 
and then calculate the cystine content from the minimum of the curve. 
In practice, 0.1 mg. c^'steine hydrochloride (Hoffmann-La Roche) was 
always added to 25 ml. of the solution to be examined, and the amount 
of cystine to be estimated was kept under 0.075 mg. per 25 ml. This 
meant that the w''ave produced by the cystine could not be higher than 
the increase of the wave height caused by the cysteine addition. 

Because of the greater error of this method as compared with that 
using several increments of cystine, two determinations were usually 
made on every hydrolysate, each involving curves made with and 
without the addition of cystine. 

As the starch in flour causes a considerable destruction of cystine 
during hydrolysis, it was removed by boiling the flour with a 5% solu¬ 
tion of trichloracetic acid. This treatment dissolved the starch and 
precipitated most of the protein. After isolating and washing the resi¬ 
due, which contained about 45% protein (N X 5.7), its cystine content 
was determined by hydrolysing for 16 hours in 20% hydrochloric acid, 
and making the polarographic determinations already described on the 
hydrolysate. 

H^’^drolysis was carried out with 20% hydrochloric acid (analar). 
Six to eight hours was found to be minimum hydrolysis time because 
the minimum and maximum of the current-voltage curve could not be 
developed in a shorter time. For convenience, a time of 16 hours (5 
p.m. to 9 a.m.) was used. Under these conditions at least 90% of ihe 
cystine added before hydrolysis was always recovered. 

From 100 to 200 mg. of flour protein containing 1-4 mg. cystine wore hydrolyzed 
in 10 ml. of 20% hydrochloric acid, the humin which formed was removed by filtration 
and the filtrate was made up to 50 ml. with distilled water. 

A current-voltage curve was made on a solution containing 10 ml. 0.2 N ammo¬ 
nium hydroxide solution, 10 ml. of a solution containing ammonium chloride (0.2 N) 
and cobalt chloride (0.002 N), 1 ml. of protein hydrolysate, and 4 ml. of distilled 
water. A current-voltage curve was also made by replacing 1 ml. of distilled water 
in the preceding solution with 1 ml. of a freshly prepared aqueous solution of cysteine 
hydrochloride (25 mg./250 ml.). 

As a check on the method, a recovery experiment was conducted 
in which cystine was added to a pea flour protein preparation before 
hydrolysis. Since the cystine content of the protein of pea flour was 
only about one-fifth of that of wheat flour protein, the proportion of 
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cystine in relation to the other constituents is much more unfavorable. 
To 100 mg. samples of the protein precipitated from pea flour by boil¬ 
ing with 5% trichloracetic acid, 0.3 and 0.6 mg. of cystine, respec¬ 
tively, were added and the mixture hydrolized by boiling with 10 ml. ot 
20% hydrochloric acid solution for 16 hours. After filtration the 
hydrolysate was brought to a pH of S to 6 to permit the addition oi 
more than 1 ml. to the supporting electrolyte without appreciably 
changing the pH. The protein preparation contained 42.7% protein 
and the cystine content of the protein (N X S.7) was found to be 
0.76%. 

In triplicate experiments the mean recoveries were 98 and 94% for 
the addition of 0.3 and 0.6 mg. cystine, respectively. 

As a further test of the method, cystine was determined in hydroly¬ 
sates of several proteins with the following results: 


C \stnu contf nt 


i*IOt<Ul 

S 


\ due from literatuie 



I ouiu! 

S 

' S 1 

— 

Fibrin 

16.7 

1 0 

1.1 ' 

(2) 

Gliadin 

15.4 

1 6 

2.1 

(31 

Globin (man) 

14.6 

1.2 

1.15 

(IS) 

Cisein 

126 

0 41 

0S7 1 

(4) 


The values compare favorably with those given in the literature. 

Kxtensograms. Extensograms representing each flour were made 
by mixing the flour with 2% sodium chloride and sufficient water in the 
Brabender Farinograph to give a dough consistency of 500 Brabender 
units at the point of maximum dough development. The dotighs were 
rounded and formed into cjdindrical pieces in the Brabender Extenso- 
graph as described by Munz and Brabender (11). The extensograms 
were made after a rest period of 135 minutes at 30®C. 

The surface areas (Cm®) of the extensograms were measured and 
the ratio: rcsistence to extensibility, F (in extensograph units)/extensi- 
bility, E (mm.), calculated. This ratio gives an impression of the shape 
of the extensogram (11). 

Results and Discussion 

The results of the cystine determinations and extensograms for the 
wheat flours are summarized in Table I. The percentage cystine in 
wheat flour proteins reported in the literature (5) range between 1.8 
to 2.1%‘ so that the vaJu^ of 2.2 to 4.5% found in the present study 


»Calculated for protem « N X S 7 
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are considerably higher. This may be due to conapounds of the thia- 
zolidine carbox^dic acid type being estimated as free cystine by the 
polarographic method. These compounds could result from the con¬ 
densation of cystine with carboh^^drate degradation products (12). 
However, when using a modified Folin-method (phospho-lS-tungstic 
acid reagent) Gubler and Greaves (9) found 0.34-0.41% cystine in the 

TABLE I 

The Relation Between the Protein and Cystine Contenis of Wheat 
Flours vnd Dough Properties, vs Measured by the 

BrABFXDER ExrFNSOfiRAPTT 


•sample 

nu. 

Protein 

( vstinc content 

ICvtensogram (liArattcristics^ 

fN X S 7J 
% 

Pioteiii 

Fhmi 

% 

Area 

Cm - 

P/E 


VMFRICVN FLOURS 


1 

11.7 

4.0 

0.47 

148 

6.4 

2 

11.2 

4.1 

0.46 

100 

5.8 

3 

11.1 

3.8 

0.43 

102 

— 

4 

11.1 

4.1 

0.45 

135 

3.1 

5 

10.5 

4.5 

0.47 

129 

7.5 

6 

10.4 

4,2 

0.44 

81 

3.8 

7 

8.1 

3.5 

0.28 

19 

1.1 

8 

7.3 

3.5 

0.26 

49 

5.5 

9 

7.2 

3,0 

0.22 

31 

3.2 

10 

7.1 

3.6 

0.26 

30 

2.3 



DUTCH 

FLOl'RS 



11 

9.6 

2.2 

0.21 

28 

0.8 

12 

9.4 

4,1 

0.38 

68 

2.7 

13 

9.1 

2.5 

0.23 

27 

1.2 

14 

9.1 

3.0 

0.34 

70 

4.2 

15 

8.0 

3.2 

0.20 

14 

0.4 

16 

8.8 

2.0 

0.26 

20 

I.O 

17 

8.8 

3,0 

0.26 

21 

0.5 

18 

8.7 

4.5 

0.39 

68 

4.7 

10 

8.7 

2.S 

0.24 

20 

1.6 

20 

8.7 

3.0 

0.26 

20 

0.6 

21 

8.4 

3.0 

0.25 

31 

2.0 

22 

8.3 

3,0 

0.25 

10 

0.4 

23 

8.3 

3.0 

0.25 

20 

0.5 


1 The extensograms were made after a rest period of 135 minutes. F rcpic&enta the ratio of the 
resistance to extension m Brabender units and E the extensibility m Cm. 


Krain. This indicates about 3.5% for flour protein, which gives better 
agreement with the present results. 

The flour samples in Table I are arranged in order of protein content 
and it is readily seen, as is well known, that the area of the extensogram 
decreases with a decrease in protein content. The correlation coeffi¬ 
cient between the data for these variables is -1-0.82. Similarly, the cor- 
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relation between the surface area of the extensogram and the cystine 
percentage of the protein is +0.77. 

These results indicate that the extensogram area is a function of 
both the quantity of protein present and of the cystine content of the 
protein. If these variables are combined to give the cystine contents 
of the flour, an even better correlation with the surface area of the 
extensogram is obtained; namely, r= +0.92. 

It may be concluded that the quality of flour protein for bread¬ 
making purposes increases with an increase in the number of possible 
-S-S- linkages, as determined by its cystine content. The total cys¬ 
tine, that is the total number of possible -S-S- linkages, largely deter¬ 
mines those properties of flour which are measured by the extensogram. 
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A METHOD FOR THE DETERMINATION OF 
LACTOSE IN BREAD! 

R. P. Choi, C. W. Tatter, and C. M. O’Malley 
ABSTRACT 

A simple fermentation method has been developed for the determina¬ 
tion of lactose and indirectly nonfat milk solids in bread. The procedure 
involves extracting the sugars from bread with dilute alcohol, destroying the 
non-lactose reducing sugars by fermenting the alcohol-free extract for 
hours at 30®C. with baker’s yeast, and analyzing for lactose by means of the 
Somogyi micro-method for reducing sugars. Different brands of yeast cake 
and dry yeast can be used. Excellent recoveries have been obtained when 
varying quantities of nonfat dry milk solids were added to water bread. 
Likewise, results determined by two different laboratories on samples of 
bread of varying concentrations of lactose or nonfat dry milk solids showed 
good agreement between the two laboratories and also with the theoretical 
values. 

Methods for the estimation of nonfat dry milk solids in bread are 
generally based upon the determination of lactose by selective fermen¬ 
tation with baker’s yeast. Among the procedures utilizing this 
principle are those of Snethlage (7), Meyer (S), Schut and Dejong 
(6), and Magraw and Copeland (4). The last procedure was developed 
in this laboratory and has been adopted in Cereal Laboratory Methods 
(2). While it gives satisfactory results, it is time consuming and some¬ 
what objectionable because it requires the use of hydrogen sulfide. 

A shorter and less tedious method is presented in this report. 
Extraction of the lactose is acowRplished with dilute ethanol, a pro¬ 
cedure which eliminates the starches and nearly all the proteins. 
Consequently, it is not necessary to use alpha-amylase or repeated 
protein precipitations in subsequent operations. Also, by using a 
small aliquot along with continuous agitation, the time required for 
complete fermentation of non-lactose reducing sugars is reduced to two 
and one-half hours. Finally, substitution of the micro-method of 
Somogyi for the Munson-Walker method for lactose determination 
further decreases the time required per analysis. 

Materials and Methods 

Reagents, 1. Yeast suspension. This was prepared according to 
the procedure of Jones (3). Commercial baker’s yeast was washed by 

1 Manuscript received February 24, 1950. 

Contribution from American Dry Milk Institute, Inc., Chicago, 1, Illinois. 
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centrifuging with three to four times its volume of distilled water until 
the supernatant liquid was clear. The yeast was finally diluted to a 
25% suspension and stored in a refrigerator at 0® to 4®C. for 24 hours 
before use. Preparations as old as one week could still be used. 

2. Yeast nutrient solution. 1.7 g. bacto-peptone (Difco Labora¬ 
tories), 0.50 g. dipotassium phosphate, and 0.33 g. magnesium sulfate 
heptahydrate were dissolved in water and diluted to 100 ml. 

3. Protein precipitant. 50 g. sodium tungstate and 6 g. disodium 
phosphate were dissolved in 200 ml. distilled water. After adding 
slowly 220 ml. of 2 iV hydrochloric acid, the solution was mixed and 
diluted to 500 ml. 

4. Somogyi's reagent (8). 12 g. Rochelle salt, 20 g. anhydrous 

sodium carbonate, and 25 g. sodium bicarbonate were dissolved in 
about 500 ml. distilled water. To this was added with stirring 6.5 g. 
copper sulfate pentahydrate previously dissolved in 100 ml. water. In 
a separate container, 10 g. potassium iodide, 0.800 g. potassium iodate, 
and 18 g. potassium oxalate were dissolved in about 200 ml. water. 
The two solutions were mixed and diluted to 1 1. 

5. Sodium thiosulfate, 0.005 iV. Since this solution cannot be 
kept unchanged for long, it was prepared every day by diluting freshly 
standardized 0.1 iV* solution. 

6. Sodium hydroxide, 0.5 iV. 

7. Sulfuric acid, 2 N, 

8. Starch solution, 1%. 

Procedure. The bread to be analyzed was sliced, air-dried, and 
then crushed to fine particles. The moisture content of the air-dried 
sample was determined by the A.O.A.C. vacuum oven method (1). 
A sample of 15 g. of the air-dried bread was weighed into a 200 ml. 
volumetric ’flask containing 60 ml. water. After thorough mixing, 
35 ml. 95% ethanol were added and the sample immersed in a boiling 
water bath for 15 minutes. When cooled to room temperature, the 
content was diluted to volume with 95% ethanol, transferred to a 
centrifuge bottle, and centrifuged for 10 minutes at approximately 
1,000 r.p.m. One hundred and fifty milliliters of the supernatant liquid 
were evaporated to about 40 ml. and then diluted to 100 ml. in a 
volumetric flask. 

For fermentation, 10 ml. of this bread extract were transferred 
to a 50 ml. Erlenmeyer flask; 6 ml. yeast suspension and 5 ml. yeast 
nutrient solution were added. A blank test was made using 10 ml. of 
water in place of the bread extract. The flask was stoppered with a 
one-hole rubber stopper fitted with a piece of 6 mm. glass tubing about 
10 cm. long and shaken at a moderate rate for 2.5 hr. in a constant 
temperature water bath at 30®C. The fermented sample was then 
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transferred to a SO ml. centrifuge tube and centrifuged for 10 minutes 
at approximately 1,000 r.p.m. The supernatant layer was decanted 
into a 50 ml. volumetric flask and the residue washed twice with 10 ml. 
portions of water. The washings were combined with the decanted 
liquid. To this solution was next added, with shaking, 2.5 ml. protein 
precipitant. After diluting to volume and mixing, the mixture was 
filtered, discarding the first few milliliters of the filtrate. 

For lactose determination, 5.00 ml. of the clear filtrate were pipetted 
into a Pyrex culture tube (22 X 175 mm) and neutralized to the phenol 
red end-point with 0.5 N sodium hydroxide. To this, 5.00 ml. 
Somogyi’s reagent and two drops of benzene were added. The tube 
was capped with a glass bulb and immersed in a vigorously boiling 
water bath for exactly 15 minutes after which the contents were cooled 
without agitation in a cold water bath. Then, 2.5 ml. 2 N sulfuric 
acid were added. When the cuprous oxide precipitate was com¬ 
pletely dissolved, the excess iodine was titrated with 0.005 N sodium 
thiosulfate using starch as an indicator. The difference between the 
titration value of the blank and that of the sample was referred to a 
standard curve to determine the quantity of lactose present. The 
reference curve was established by testing 5.00 ml. portions of lactose 
solutions containing from 0 to 5 mg. of lactose hydrate with 5.00 ml. 
portions of Somogyi’s reagent and plotting the difference between the 
titration value of the blank and that of the lactose solution against the 
corresponding lactose content. 

From the amount of lactose found in the 5.00 ml. aliquot of the 
fermented sample, the percentage of lactose present in the moisture- 
free bread can be calculated as follows: 


% lactose = 


187 

150 


,, 100 ,, 50 ,, 100 X L 

^ 10 ^ 5 ^ 15(100 - M) 


X100 = 


8.33 X L X 10" 
100 - M 


‘T” is the grams of lactose in the 5.00 ml. aliquot and “M” is the 
per cent moisture in the air-dried bread. The factor 187 is the total 
volume of dilute alcohol in 200 ml. of bread suspension, using 13 ml. as 
the volume occupied by 15 g. of air-dried bread, a factor employed by 
Magraw and Copeland (4). A blank of 0.35% lactose was subtracted 
from the final result. This is a correction for the amount of non- 
fermentable reducing material present in bread containing no milk and 
is about the same as that found by the above workers (4). To convert 
to nonfat dry milk solids, which is the usual source of lactose in bread, 
the per cent of lactose is multiplied by two, since the avers^e lactose 
content of nonfat dry milk solids is approximately 50%. A sample of 
dry bread of known lactose content may be run simultaneously with 
xmknown breads, if desired, to check the reliability of each series of 
analyses. 
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Results and Discussion 


Except where otherwise noted, samples of bread for this study were 
prepared by our baking laboratory, using the following formula. The 
straight-dough technique was followed: 


Flour 

Water 

Sugar 

Salt 

Yeast 


300 g. 

210 g. 
12 g. 
6g. 
6g. 


Yeast food 0.75 g. 

Malt 1.5 g. 

Shortening 6 g. 

Nonfat dry milk solids, variable 


In accordance with general baking practice, the percentage of nonfat 
dry milk solids or lactose added is expressed as per cent of flour used. 

Using an extract prepared from a bread containing 6% nonfat dry 
milk solids, the time necessary for complete fermentation of non¬ 
lactose reducing sugars was determined by fermenting 10 ml. portions 
for varying periods at 30®C. with shaking. From the data plotted in 



Fte. 1. Fennentation time necessary for the complete destruction of non-lact^ reduc^ substances 
on ertract of bread containing 6% of nonfat dry milk solids (2.89% lactose). 

Fig. 1 it can be noted that fermentation is practically complete after 
1 hour. A hour period was chosen to insure complete fermenta¬ 
tion. In the absence of agitation, a much slower rate of fermentation 
resulted. 

Recovery experiments were made by adding to an air-dried water- 
bread, nonfat dry milk solids (Sl.2% lactose) in amounts to give 0, 
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TABLE I 

Recovery of Nonfat Dry Milk Solids^ Added to Water Bread 


Nonfat dry milk 
solids added 

Lactose, 

theoretical 

Lactose found 

Trial 1 

Trial 2 

Tiial 3 

% 

% 

% 

% 

% 

0 

0 

0 

0.11 


2 

1.02 


1.12 

1.11 

4 

2.0S 

2.13 

2.20 


6 

3.08 

r 3.21 

3.21 


8 

4.10 

4.09 

4.09 

3.91 

12 

6.1S 

5.92 

6.13 

6.13 


1 Containing 51.2% lactose by analysis. 


2, 4, 6, 8, and 12% nonfat milk solids. These mixtures were analyzed 
for lactose by the present method. Results of three separate trials 
are presented in Table I. Good agreement is obtained between the 
experimental and the theoretical values. The average deviation of 
all results from their corresponding theoretical results is 0.092% 
lactose, calculated without regard to sign. 

A series of breads containing varying quantities of lactose or nonfat 
dry milk solids was prepared by the American Institute of Baking by 
the sponge dough technique following a formula similar to that given 
above. These breads were analyzed for lactose at the American 
Institute of Baking and in our own laboratory, using the present 
method. From the total weight of the bread after air drying and 
from the moisture content, the theoretical lactose value on the mois¬ 
ture-free basis was calculated. Results are presented in Table II. 

TABLE II 

Collaborative Resitlts on Breads Containing Varying Amounts of Lactose 
OR Nonfat Dry Milk Solids 


Lactose content (moisture-free basis) 


Lactose content^ 



Theoretical 

A.I.B. 

ADMl 

% 

% 

% 

% 

0 

0 

— 

0.0 

0 

0 

0.12 

0.01 

2 

1.96 

— 

1.75 

4 

3.82 

3.67 

3.60 

6 

5.96 

5.84 

5.48, 5.42 

1 

0.97 

0.80 

0.86 

2 

1.91 

1.56 

1.74 

3 

2.89 

2.71 

2.84, 2.86 

4 

3.98 

3.75 

3.80 


^ In. the first five samples listed lactose was added; in the last four nonfat dry milk solids was used. 
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The agreement between results from the two laboratories, as well as 
between the observed and the theoretical results, is satisfactory. 

In most of these experiments Fleischmann baker’s yeast (one- 
pound size) was used. However, when other brands of yeast, both in 
the cake form and in the dry form, were tried, they were found to be 
equally satisfactory as indicated by the data in Table III for two 


TABLE III 

Results with Different Brands of Yeast 


Yeaat 

Lacotae found, % (moisture-free basis) 

4% Lactose bread 8% ndms^ bread 

Fleischmann (pound cake) 

414 

3.98 

Fleischmann oz. cake) 

3.72 

4.15 

Fleischmann (1 oz. cake) 

4 00 


Fleischmann (dry) 

4.16 

4.15 

Red Star (% oz. cake) 

4.11 

4.13 

Red Star (dry) 

3 95 

3.95 

National (2 oz. cake) 

4.16 

3.89 

National (dry) 

416 

3.97 


1 Nonfat dry milk solidb 


breads analyzed on different occasions with different samples of yeasts. 
In using the dry yeasts, sufficient water was added to give a suspension 
of approximately the same concentration as the 25% suspension pre¬ 
pared from yeast cakes. 

The precision of the present method W£ls estimated by analyzing 
a white bread containing 6% nonfat milk solids eight separate times. 
The standard deviation was found to be 0.12% lactose, which, assuming 
normal distribution, would mean that approximately 95% of all de¬ 
terminations should fall within ±0.24% lactose from the mean value. 
An indication of the accuracy of the method can be obtained from the 
recovery results shown in Tables I and II. With the exception of two 
results, all results are within ±0.24% lactose of the theoretical values. 
In comparison, the accuracy of the Magraw-Copeland procedure has 
been given as ±0.5% nonfat dry milk solids or ±0.25% lactose. 
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INHIBITION OF BETA-AMYLASE BY CYANIDE^ 

D. K. Roy2 and L. A. Underkofler 
ABSTRACT 

Addition of sodium cyanide to malt extract solutions markedly in¬ 
hibited the saccharification produced by these extracts. The cyanide 
addition had no effect on alpha-amylase activities but lowered apparent 
beta-amylase activities of these extracts. Sodium cyanide completely 
inhibited the saccharifying activities of extracts from ungerminated soy¬ 
beans, wheat and barley, and of solutions of a commercial beta-amylase. 
Cyanide, therefore, has a differential effect upon amylase complexes, 
inhibiting the beta-amylase. This inhibition is complete when beta-amylase 
is the only amylolytic enzyme present, but apparently not with extracts of 
malt. 

Inhibition or destruction of enzyme activity by chemical reagents is 
frequently encountered. An inhibiting agent may sometimes be 
employed to advantage in the study of enzyme systems for the in¬ 
hibition of the activity of certain enzyme components without affect¬ 
ing others. 

In the course of studies on the enzyme systems of bacteria and 
molds, interest arose in finding substances which would have a differen¬ 
tial inhibiting effect upon components of the amylase complex. 
Although a number of reports on amylase inhibitors have appeared, in 
most cases these have been unidentified substances of natural origin 
(1, 5, 7, 14). However, Purr (12) found that ascorbic acid inhibited 
beta-amylases but did not affect the alpha-amylases of plants. Hanes 
(2), Weidenhagen and Lu (IS), and Janicki (3) likewise found that 
ascorbic acid inhibited the action of beta-amylase, and Hanes re¬ 
ported that reductone and dihydroxymaleic acid also inhibited beta- 
amylase. 

Cyanides have frequently been employed for inhibiting various 
enzymes, particularly in metabolic studies. There are few reports on 

1 Manuscript received February 20. 1950, Contribution from the Chemistry Department and 
Xndustrial Science Research Institute. Iowa State College. Ames. Iowa. 

* Present address; University College of ^ence and Technology, Calcutta. India. 
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the effect of cyanide upon amylases, especially upon the effect of 
cyanide upon the individual components of amylase complexes. 
Myrback (8) found that potassium cyanide in small amounts strongly 
inhibited the activity of salivary amylase, whereas equimolar concen¬ 
trations of hydrogen cyanide caused much less inhibition. However, 
0.1 JV hydrogen cyanide almost completely destroyed the activity of 
the enz3nme. Ninomiya (10) found that salivary amylase was some¬ 
what inhibited by potassium cyanide or potassium thiocyanate, even 
in concentrations as low as 0.0005 M. Nguyen-Van-Thoai and 
Silhol-Bemere (9) reported that purified pancreatic amylase treated 
at pH 6.8 at 40°C. for one-half hour with 0.001 to 0.1 M potassium 
cyanide was not affected, whereas the crude enzyme was inhibited 
by this reagent at very low concentrations. 

Since salivary amylase and pancreatic amylases are predominately 
of the alpha-amylase tjq)e, tests were made on the inhibiting action of 
cyanide upon certain enzyme extracts having alpha-amylase activity. 
Preliminary tests showed that cyanide markedly inhibited the amylo- 
lytic activity of malt extracts but had relatively little effect upon 
fungal amylase solutions. Further work, reported in this paper, 
showed that cyanide inhibits beta-amylase without affecting activities 
of other components of the amylase complex. 

Materials and Methods 

The amylolytic materials employed in this investigation included 
samples of malts, grains, and a commercial beta-amylase preparation. 
Three malts, kindly supplied by Dr. Eric Kneen of the Kurth Malting 
Company, of widely varying alpha-amylase and beta-amylase activi¬ 
ties were used. One of these, malt A, was a “high-kilned malt,” low 
in beta-amylase and limit dextrinase activities. Two varieties of 
soybeans and one sample each of wheat and barley were supplied by 
the Agronomy Department of Iowa State College. The commercial 
beta-amylase preparation was “beta-amylase for analsdical purposes” 
purchased from Wallerstein Laboratories. 

Extracts were prepared from the malts and grains for testing in the 
followng manner: The materials were finely ground in a burr mill and 
5 g. of each extracted with 100 ml. of water for 1 hour at 30° C., with 
frequent shaking. The extracts were then centrifuged and filtered. 
Where cyanide treatment was employed, 50 mg. of sodium cyanide 
was added to 50 ml. of extract, which corresponds to 0.1% or 0.02 M 
concentration of the cyanide, and the solution held for 1 hour at 
30° C. 

Alpha-amylase determinations were made by the method of 
Sandstedt, Kneen, and Blish (13) using the cobalt-chromate color 
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standard of Olson, Evans, and Dickson (11). Results of the analyses 
were calculated in terms of the alpha-dextrinogenic units of the former 
authors, representing the number of grams of soluble starch which, 
under the influence of an excess of beta-amylase, are dextrinized by 
one gram of malt in one hour at 30°C. 

Overall saccharification values and beta-amylase activities were 
determined by the method of Kneen and Sandstedt (4). The results 
were calculated in terms of saccharogenic units, representing the 
number of grams of soluble starch converted to maltose by one gram of 
material in one hour at 30°C., and beta-amylase units, representing the 
number of grams of soluble starch converted to maltose by the beta- 
amylase of one gram of material in one hour at 30°C. Independent 
tests showed that the amounts of cyanide employed affected the 
quantities of apparent maltose found by the ferricyanide method 
by from 0 to 2%, depending upon the sugar concentration. Such 
differences are not significant for the comparisons involved in this 
investigation. 

Results and Discussion 

The.procedures devised by Sandstedt, Kneen, and Blish (13) and 
by Kneen and Sandstedt (4) for differential estimation of alpha- 
amylase and beta-amylase in malt were adapted to the investigation of 
the inhibiting action of cyanide upon these components of malt amy 
lase. Extracts of the three malts were prepared and portions of each 
were treated with sodium cyanide as described above. The cyanide- 
treated and untreated extracts were then analyzed. The data for the 
malt samples are given in Table 1. 


TABLE I 

Effect Upon Amylolytic Activity of Treating Aqueous Extracts of Malts 
WITH 0.1% Sodium Cyanide 


Malt 

Untreated extract 

Cyanide-treated extract 

sample 

Alpha- 

dextrino- 

Saccharo- 

Beta- 

amylase 

Alpha- 

dextrino- 

Saccliaro- 

Beta- 

amylasc 


genic units 

genic units 

units 

genic units 

genic units 

units 

A 

34 

5.34 


34 

2.66 

0.97 

B 

64 

19.37 


63 

14.32 

11.33 

C 

46 

9.67 


45 

7.36 

5.16 


The results of this experiment indicated that cyanide had little if 
any effect upon the alpha-amylase activity of the malt extracts, but 
markedly lowered the overall saccharification produced by the ex¬ 
tracts. However, apparent residual beta-amylase activity, as cal¬ 
culated from the analytical data, still existed. 
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The effect of cyanide treatment of aqueous extracts of soybeans, 
wheat, and barley was then investigated. Since extracts of these 
ungerminated grains are good sources of beta-amylase, while alpha- 
amylase is essentially absent, only saccharogenic values were 
determined on the cyanide-treated and untreated extracts. Simul¬ 
taneously with the grain extracts, solutions of three different concentra¬ 
tions of the commercial beta-amylase were prepared, a portion of each 
treated with 0.1% sodium cyanide in the same manner as for the grain 
extracts, and saccharogenic values determined on the solutions. Data 
from these determinations are given in Table II. 


TABLE II 

Effect Upon Amylolytic Activity of Treating Solutions from Sources of 
Beta-Amylase with 0.1% Sodium Cyanide 


Sample 

Untreated 

Saccharogenic umts 

Cyanide-treated 

Soybean A 

10.03 

0 

Soybean B 

9.00 

0 

Wheat 

4.90 

0 

Barley 

Commercial beta-amylase: 

5.56 

0 

0.2% solution 

2.661 

0 

0.5% solution 

6 671 

0 

1.0% solution 

13.551 

0 


1 Units per ml of solution 


The results presented in Table II show conclusively that beta- 
amylase from the sources tested is completely inhibited or destroyed 
by sodium cyanide. Even solutions of the commercial beta-amylase 
in the relatively high concentration of 1.0% showed no saccharifying 
activity after cyanide treatment. 

Referring again to the data of Table I, it may be noted that 
although overall saccharification was markedly lowered by treatment 
of the malt extracts with cyanide, apparent residual beta-amylase 
activity was still appreciable. This was especially true for malts B 
and C. Since cyanide completely destroyed the beta-amylase of the 
ungerminated grains and commercial beta-amylase, it would be as¬ 
sumed that the beta-amylase activity of the malts should also be com¬ 
pletely inhibited. It is possible, however, that other constituents in 
the extracts may exert a protective action on the beta-amylase of 
malts. Probably other components of the malt amylase system, such 
as limit dextrinase, are not inactivated and together with the alpha- 
amylase are responsible for much of the saccharification produced. 
The apparent residual beta-amylase activity may possibly be due, at 
least in part, to limit dextrinase. The contribution which limit dex- 
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trinase makes to total saccharification needs further investigation to 
elucidate this point. However, the hypothesis is strengthened by the 
fact that the apparent beta-amylase activity for malt A after cyanide 
treatment was relatively low. Malt A was a “high-kilned malt,” so 
treated for destruction of beta-amylase and limit dextrinase. Such 
treatment does not entirely eliminate these components, but markedly 
reduces them according to Kneen and Spoerl (6). The data show rela¬ 
tively low beta-amylase activity for this malt before cyanide treat¬ 
ment, and very low residual apparent beta-amylase activity after 
cyanide treatment. 

It may be concluded from the work reported in this paper that 
cyanide has a differential effect upon amylolytic en 2 yme complexes, 
inhibiting only the activity of beta-amylase. When beta-amylase is 
present as the sole amylolytic component it is completely inhibited by 
cyanide. The apparent beta-amylase activity of malts is apparently 
only partially inhibited by cyanide. Further work will be necessary to 
fully establish the degree of inhibition of beta-amylase in malts and in 
other mixtures of the several amylase components. 
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EXPERIMENTS WITH AMMONIUM PERSULFATE 
AS A FLOUR MATURING AGENT ^ 

J. M. Doty aito R. C. Sherwood * 

ABSTRACT 

Ammonium persulfate in bread flours at levels of 1 to 20 g. per 100 
pounds of flour showed a definite maturing action. Loaf volumes and crumb 
texture scores were improved by anunonium persulfate in spring, winter, 
and west coast bread flours. Ammonium persulfate treated flours showed 
good storage properties and compared favorably in baking properties with 
nitrogen trichloride treated flours, both freshly milled and after several 
months’ storage. 

Ammonium persulfate additions to flour did not affect the thiamine and 
riboflavin content of enriched flour. No deleterious effect could be observed 
on the vitamin content of persulfate-treated, enriched flour after storage, 
either in the flour or in the bread made from the flour. 

Ammonium persulfate has been used as a flour maturing agent in 
the production of bread for many years in Europe. Very few reports 
appear in the literature. Kent-Jones and Amos (1) have report^ its 
maturing properties, and its use in England and on the Continent for 
many years, stating that persulfates cause improvement in elasticity 
and stability of dough, and their use results in superior breads. Because 
certain changes are being made in the use of maturing gases in the pro¬ 
duction of flour, investigations into the use of ammoniiun persulfate in 
maturing flour are herewith reported. 

Ammonium persulfate is a powerful oxidizing s^ent, containing 7% 
active oxs^gen. It is a white crystalline compound which can be 
blended with relatively inert compounds and added directly to flour or 
flour doughs. Since the persulfate is water soluble, it goes into scflution 
promptly when a dough is mixed and exerts its oxidizing action without 
delay. 

This report shows the use of ammonium persulfate in maturing 
bakers flour made from hard red winter wheat, spring wheat, and west 
coast hard wheats. 


Materials and Methods 


Baking results are reported on a modified A.A.C.C. procedure using 
100 g. of flour per loaf. The ingredients used in the modified formula 
include yeast, salt, sugar, shortening, milk, malt, and flour. All results 
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obtained on 100 g. flour loaves were verified by the sponge-dough pro¬ 
cedure producing regular 1-pound commercial-type loaves. 

Over 50 southwestern winter wheat bakers flours have been treated 
with ammonium persulfate and compared with flours given regular 
commercial nitrogen trichloride maturing. Many spring wheat bakers 
flours and west coast bakers flours have also been compared in this 
manner. For this report, a typical example has been chosen from each 
of the three groups of bakers flours tested. 

Ammonium persulfate was added to flour both in the dry form and 
in solution at the dough mixing stage. The dry form was a fine-ground 
mixture of 50% ammonium persulfate and 50% inert carrier such as 
calcium sulfate. 

All flour used in storage tests was stored in cloth bags on open 
shelves at room temperature in the laboratory. Sacks were opened for 
analytical work, re-tied, and returned to shelf for further storage. 

Results and Discussion 

Southwest bakers flour untreated and with various increments of 
nitrogen trichloride or ammonium persulfate are reported in Table I. 
The optimum nitrogen trichloride treatment for this flour is in the 
neighborhood of 1 g. per 100 pounds of flour, which compares closely 
with 4 g. of ammonium persulfate per 100 pounds of flour. Loaf vol¬ 
umes, texture scores, and over-all bread scores show similar results 

TABLE I 

Baking Results on Hard Winter Wheat Bakers Flour Comparing 
Ammonium Persulfate and Nitrogen Trichloride 
AS Maturing Agents 


Treatment per 100 lbs. flour 

Loaf volume 

Texture score 

Total bread score 

Unmatured 

cc 

635 

50 

59 

gram N.T.^ 

735 

70 

78 

1 gram N.T. 

840 

90 

95 

2 grams N.T. 

800 

70 

73 

2 grams A.P.* 


80 

86 

4 grams A.P. 


89 

95 

8 grams A.P. 

810 

75 

78 


1 N.T.—^Nitrogen Tnchlonde 
* A.P.—^Ammonium Persulfate. 


between the maturing action of nitrogen trichloride and ammonium 
persulfate. These data are typical of results obtained on over 50 
samples of southwestern winter wheat flours. 

The effect of various increments of nitrogen trichloride and ammo¬ 
nium persulfate on untreated spring wheat bakers flour is reported in 
Table II. The optimum nitrc^en trichloride treatment is about 1.0 g. 
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TABLE II 


Baking Results on Spring Wheat Bakers Flour Comparing 
Ammonium Persulfate and Nitrogen Trichloride 
as Maturing Agents 


Treatment per 100 lbs flour 

Lc^if volume 

Texture score 

Total bread score 

Unmatured 

cc 

700 

65 

71 

gram N.T.^ 

875 

90 

91 

1 gram N.T. 

880 

97 

97 

grams N.T. 

800 

73 

77 

2 grams A.P.^ 

850 

81 

85 

3 grams A.P. 

870 

92 

94 

4 grams A.P. 

860 

91 

92 


1 N.T.—Nitrogen Trichloride. 

* A.P.—^Ammonium Persulfate. 


per 100 pounds of flour and the optimum treatment with ammonium 
persulfate, somewhere near 3 g. per 100 pounds of flour. Here again 
loaf volumes, texture scores, and over-all bread scores are similar for the 
optimum treatments with nitrogen trichloride or ammonium persulfate. 
These data are typical of many spring wheat flours tested in like manner. 

Pacific coast bakers flour with various increments of nitrogen tri¬ 
chloride or ammonium persulfate is reported in Table III. Results are 
similar to those obtained on southwest bakers flour. 

From these baking results, it is apparent that ammonium persulfate 
has definite value in artificially aging bread flours. In order to deter¬ 
mine whether ammonium persulfate has practical application, storage 
tests were conducted. Finely-ground ammonium persulfate was mixed 
with an equal quantity of a mixture of calcium sulfate and calcium 
phosphate in order to make a free-flowing material suitable for mixing 
in flour. The flour used for the storage tests required 6 g. of ammonium 

TABLE III 

Baking Results on West Coast Bakers Flour Comparing 
Ammonium Persulfate and Nitrogen Trichloride 
AS Mafuring Agents 


Treatment per 100 lbs. flour 

Loaf volume 

Texture score 

Total bread score 

Unmatured 

u. 

610 

50 

57 

34 gram N.T.^ 

715 

69 

75 

1 gram N.T. 

755 

88 

89 

2 grams N.T. 


75 

80 

2 grams A. P.* 



75 

4 grams A.P. 

760 


88 

8 grams A.P. 

710 


80 


1 N.T.—^Nitrogen Trichloride. 

* A,P.—^Ammonium Persulfate. 
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Fig. 1. Loaf volumes of flours during storage 


persulfate per 100 pounds of flour to produce optimum baking results. 
Using the 50% mixture, the flour was treated at two different levels, 
one representing 6 g., and the other 12 g. of ammonium persulfate per 
100 pounds of flour. Twice optimum treatment was used delib¬ 
erately in the second flour to determine the degree of damage resulting 
from over-maturing with ammonium persulfate when fresh and after 
storage. 

The baking results obtained with these two flours compared with 
the same flour untreated, and treated with nitrogen trichloride, are 
reported in Fig. 1. The 6 g, ammonium persulfate treated flour and 
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0 2 4 6 8 10 12 14 

Time of Treatment in Weeks 

Pig. 3. Riboflavin content ol flouis during storage. 

the nitrogen trichloride treated flour paralleled very closely over three 
months’ storage period. As would be expected, the over-treatment 
with persulfate showed a decrease in loaf volume and the untreated 
flour showed an increase in loaf volume over the three months’ period. 



Time of Treatment in Weeks 


PxG. 4. Thiamixie content of bread made with stored flour. 



414 


USE OF AMMONIUM PENSULFATE 


Vol. 27 



Fig. 5. Riboflavin content of bread made with stored flour. 


The optimum ammonium persulfate treated flour produced satisfactory 
baking results over several months' storage period. 

To determine the effect of ammonium persulfate on the vitamins of 
enriched flour, the flours of Fig. 1 were also assayed over the storage 
period for thiamine and riboflavin content. In Fig. 2, the thiamine 
content of the unenriched, the 12 g. ammonium persulfate treated, and 
the 1 g. nitrogen trichloride treated flours are shown. All results in 
this figure are well within experimental error. In Fig. 3, the riboflavin 
content assayed over three months' storage period is reported on the 
same three flours and is within experimental error. 

Unenriched ammonium persulfate treated flour, nitrogen trichloride 
treated flour, and unmatured flour were baked using enrichment tablets 
in the doughs and the resulting bread assayed. The bread was air 
dried and assayed at a low moisture level but calculated to a 35% 
moisture basis. The dried bread crumbs were stored in slip-covered 
tin containers during the entire series of tests. The thiamine assay 
values are reported in Fig. 4 and the riboflavin values in Fig. 5. From 
these results, it is concluded there is no appreciable effect of the matur¬ 
ing materials upon thiamine and riboflavin content. 

Acknowledgments 

Acknowledgment is ^ven to D. K. Dubois, C. A. Brockman, and H. L. Marks, 
who assisted in the experimental work reported. 

Literature Cited 

1. Kent-Jones and Amos. “Modern Cereal Chemistry,” 4th Edition, 1947, Page 



COMPOSITION OF THE COMPONENT PARTS 
OF THE SORGHUM KERNED'^ 

J. E. Hubbard, H. H. Hall, and F. R. Earle 
ABSTRACT 

Grain from five varieties of sorghum was separated into endosperm, 
germ, and bran, and the proportion of each was determined. The kernel 
contains about 82% endosperm, 10% germ, and 8% bran. All fractions and 
the whole grain of each variety were analyzed for ash, protein, oil, and starch 
with the following average results (moisture-free basis): Whole grain 1.65, 

12.3, 3.6, 73.8%; endosperm 0.37, 12.3, 0.6, 82.5%; germ 10.36, 18.9, 28.1, 
13.4%; bran 2.02, 6.7, 4.9, 34.6%, respectively. The assays for niacin, 
panthothenic acid, riboflavin, biotin, and pyridoxine gave for the whole 
grain 45.3, 10.4, 1.3, 0.20, 4.7 Mg./g.; endosperm 43.7, 8.7, 0.9, 0.11, 4.0 
A*g./g-; germ 80.7, 32.2, 3.9, 0.57, 7.2 Mg-/g.,* and bran 44.0, 10.0, 4.0, 0.35, 

4.4 Mg-/g*» respectively. The whole grain was analyzed for crude wax by a 
new method and was found to contain 0.32%. 

Grain sorghums have been grown extensively for many years in areas 
of the Southwest where climatic conditions make corn production uncer¬ 
tain. Such adaptation of sorghum makes it important as forage and 
feed in Texas, Kansas, Oklahoma, California, New Mexico, Nebraska, 
and Colorado. Development of dwarf types suitable for machine har¬ 
vesting and of new varieties adapted to wider areas has steadily 
increased production until in 1949 it exceeded 152 million bushels. 

While still primarily a feed crop, the large amounts of grain sor¬ 
ghums processed during the war by the distilling and milling industries 
demonstrated the value of the crop as an industrial material. Infor¬ 
mation concerning the production, composition, and use of sorghums 
has been compiled by Edwards and Curtis (7) and Hightower (8). The 
B-complex vitamin content of a number of varieties has been reported 
by Tanner, Pfeiffer, and Curtis (14). Some data on the composition 
of kafir, milo, and feterita and their component parts have been reported 
by Bidwell (3) and Bidwell, Bopst, and Bowling (4). 

The composition of the component parts of the sorghum kernel is of 
importance to industries utilizing the crop because it determines the 
value of derivatives and by-products for feed and food uses. To supply 

1 Manuscript received May 10, 1950. 

Report of a study in which certain phases were carried on under the Research and Marketing Act 
of 1946. 
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One of the laboratories of the Bureau of Agricultural and Industrial Chemistry. Agricultural 
Research Administration, U. S. Department of Agriculture. 

415 



416 


COMPOSITION OF SORGHUM KERNEL 


Vol. 27 


further information on this, separation and analyses were made on grain 
of several varieties of sorghums. 

Determinations were made of the amount of endosperm, germ, and 
bran, and these fractions were analyzed for ash, protein, oil, and starch, 
and five of the B-complex vitamins. Varieties selected for analysis are 
in commercial production and include Cody (waxy kafir), Pink Kafir, 
and the three yellow milos—^Westland, Midland, and Martin. Four of 
the varieties selected are representative of the sorghum producing area 
of Kansas—^Westland being a composite of samples from 11 counties. 
Midland a composite from 12 counties, Cody a composite from 11 coun¬ 
ties, and Pink Kafir from 3 counties. Martin was from a large lot of 
Texas certified seed grown near San Antonio. All samples were grown 
in 1945. 

Methods 

As a check on the uniformity of the samples and the accuracy of the 
separations, each sample was divided into four portions of approxi¬ 
mately 20 g. each. Each portion was inspected and picked to include 
only sound whole kernels. Distilled water at room temperature was 
used to soak the grain sufficiently to facilitate removal of the bran and 
separation of the germ from the endosperm. Three to seven minutes 
were usually sufficient when the initial moisture content of the grain 
was 12 to 14%. Fractions were separated by hand with a scalpel, 
checked visually for completeness of separation, and air dried before 
weighing. The replications for physical proportions agreed within each 
variety within about 1% and were combined for chemical analysis. It 
was estimated initially that 5 g. of bran, the smallest fraction, would 
provide sufficient material for the determination of oil, protein, and 
vitamins, and, accordingly, only enough grain was separated to provide 
that quantity. 

Whole grain and endosperm fractions were ground for analysis in a 
special laboratory hammer mill (10) with a 1/16-inch perforated screen. 
Bran fractions were ground in a micro Wiley mill with a 20-mesh screen. 
Germ was analyzed without preliminary grinding. 

The grain and the separated fractions were analyzed for moisture, 
ash, nitrogen, oil, and starch. Methods of the Association of Official 
Agricultural Chemists (1) were used to determine moisture, ash, and 
nitrogen. Oil was determined by the A.O.A.C. method for oil in cotton¬ 
seed, except that the samples of germ were extracted about six hours, 
ground in a mortar, and then re-extracted overnight. Starch was deter¬ 
mined by the Clendenning polarimetric method (5) with uranyl acetate 
being used in place of stannic chloride as the protein precipitant. 

Crude wax was determined by a simple procedure by use of hot 
benzene as solvent. Thirty to 60 g. samples of whole grain were placed 
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on small squares of cheesecloth and the comers of the cloth gathered to 
make a bag. The sample was dipped for ten seconds into 100 ml. of 
benzene maintained near the boiling point on a steam bath, drained 
momentarily, and dipped twice more. The series of three immersions 
was repeated with a fresh portion of hot benzene. After filtration 
through fritted glass funnels, the solutions were evaporated to dryness, 
cooled, and weighed. About 85 to 90% of the easily extractable material 
was recovered in the first solution and about 10% in the second. 

On the three samples tested with a third portion of benzene, the 
amount of material recovered was less than 0.01% of the sample. 

It is evident that two series of immersions made a sharp separation 
between the easily extractable material, mostly wax, of the surface and 
outer layers and the true oil from the interior of the grain. 

After completion of the analysis for vitamins, oil, and nitrogen, com¬ 
posite samples of bran and of germ were made by combining all the 
remaining portions of these fractions. The results of starch and ash 
determinations on these samples do not represent the average composi¬ 
tion of the five varieties, since the varieties did not contribute equally 
to the composite, but are indicative of the amounts of these constituents 
present. 

Vitamin assays were made by microbiological methods. Riboflavin 
was determined by the method of Snell and Strong (12) following hy¬ 
drolysis of the sample in 0.1 iV hydrochloric acid at 120®C. for 30 min¬ 
utes and filtration after neutralization to pH 6.8. Pantothenic acid 
was determined by the method of Skeggs and Wright (11). Biotin and 
pyridoxine were liberated by autoclaving at 120®C. for 30 minutes in 
the presence of S iV sulfuric acid; biotin was determined in the neutral¬ 
ized filtrates by the method of Wright and Skeggs (16). The same 
filtrates were assayed for pyridoxine by the method of Atkin et ah (2). 

Discussion 

The physical analysis and composition of the whole grain and the 
fractions are given in Table I. The proportion of endosperm in the 
sorghum varieties separated ranged from 80.0 to 84.6%; the germ from 
7.8 to 12.1%; and the bran 7.3 to 9.3%. These results are remarkably 
similar to those from the 11 samples of corn reported by Earle, Curtis, 
and Hubbard (6) which ranged from 79.7 to 83.5% endosperm, 10.2 
to 14.1% germ, and 4.4 to 6.2% bran, and about 1% tip cap, and are in 
good agreement with the work of Bidwell (3) and Bldwell, Bopst, and 
Bowling (4). 

In general, sorghum grain and its fractions closely resemble com in 
the proportions of starch, protein, oil, and ash. Protein and starch are 
about 2% higher in the whole sorghum grain than in corn. In the 
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germ, the oil content is about 6% lower and the starch S% higher than 
in corn germ. Microscopic examination of the separated germ fraction 
showed that some of the starch, perhaps a third, resulted from incom¬ 
plete separation of the endosperm. Bran is likewise high in starch but, 

TABLE I 

Composition of Sorghum Fractions and Whole Grain 
(Moisture-Free Basis) 


Fraction and 
variety 

Per 
cent of 
whole 
kernel 

Chemical composition 

Vitamin content 

Ash 

Protein 

Crude 

wax 

Oil» 

starch 

Niacin 

Panto¬ 

thenic 

add 

Ribo¬ 

flavin 

Biotin 

Pyri- 

doxine 



% 



% 

% 

M./i. 


HHi 

Mg./g. 


Whole Grain 









uniii 



Westland 


1.67 



3.5 

72.3 

47.8 


■kI 


6.2 

Midland 


1.57 

12.0 

.31 

3.6 

74.5 

43.9 


■Kfl 


4.9 

Cody 


1.68 

12.4 

.31 

3.2 

74.3 

68.0 


■itl 

.18 

4.2 

Pink Kafir 


1.67 

12.3 

.44 

3.9 

73.0 

38.8 


2.0 

.23 

4.2 

Martin 


1.57 

11.5 

.24 

3.7 

75.1 

28.1 


.8 


4.0 

Average 


1.65 

12.3 

0.32 

3.6 

73.8 

45.3 

10.4 

1.3 



Endosperm 











|H 

Westland 

81.1 




0.6 

82.2 

42.1 

mnsM 

1.1 



Midland 

84.1 

.39 



.6 

83.0 

44.6 

7.8 

1,3 



Cody 

84.6 

.41 

12.3 


.8 

83.0 


9.5 

.9 


KUrl 

Pink Kafir 

80.0 

.30 

12.8 


.4 

83.2 

34.6 

6.8 

.7 




81.7 

.30 

11.2 


.4 

81.3 

26.9 

8.6 

.5 



Average 

82.3 

0.37 

12.3 


0.6 

82.5 

43.7 

8.7 




Germ 












Westland 

9.6 


19.1 


27.3 


105.5 

51.1 

3.8 

0.53 

8.2 

Midland 

8.5 


19.1 




69.5 

25.9 

4.3 

.70 

7.6 

Cody 

7.8 


18.0 


28.6 



28.2 

3.8 

.54 

7.2 

Pink Kafir 

12.1 


19.2 


27.1 


70.5 

27.1 

3.4 

.46 

6.7 

Martin 





26.9 


49.8 

28.7 

4.0 


6.5 

Average 

9.8 




28.1 

13.4* 

80.7 

32.2 

3.9 


7.2 

Bran 












Westland 

9.3 


6.8 


3.7 


43.4 

■BQ] 

3.6 

0.30 

4.9 

Midland 

7.4 


7.5 


5.3 


53.8 

8.4 

4.8 

.37 

5.1 

Cody 

7.6 


7.6 


4,9 


62.6 

11.3 

4.7 

,34 

4.0 

Pink Kafir 

7.9 


6.4 


6.0 


32.8 

8.8 

3.9 

.42 

4.0 

Martin 

7.3 


5.2 


4.4 


27.4 

9.3 

2,8 

.31 

3.9 

Average 

7.9 

2.02* 

6.7 


4.9 

34.6* 





4.4 


^ Oil in bran and whole grain includes wax. 
3 Analysis of composite, not true average. 


in this case, microscopic examination showed that under the tempering 
and soaking conditions used, the bran separated within the starchy 
mesocarp. Accordingly, the bran consist^ of the cuticle, epidermis, 
hypoderm, and the major portion of tfje mesocarp. The innermost 
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fragments of the mesocarp, the nucellar layer, and aleurone remained 
with the endosperm fraction (13, 15). This is in contrast to corn, in 
which the microscope shows no starch within the bran cells. Sorghum 
bran is higher in oil (petroleum ether extract) than corn bran, but the 
extract consists mostly of wax rather than oil. The extract is semi¬ 
solid at room temperature and can be processed to give a hard wax (9). 

TABLE II 

Proportion of the Total of the Indicated Constituent Existing in 
THE Specified Fraction (Calculated from Table I) 


Constituents 


Fraction and 
variety 

Ash 

Protein 

Oil! 


■ 

B 


Biotin 

Pyn- 

doxine 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Endosperm 










Westland 


81.1 

14.1 


70.7 

59.5 

56.3 

52.6 

75.3 

Midland 


82.2 

14.4 


79.3 

70.0 

60.9 

49.4 

78.0 

Cody 


84.0 

20.6 


81.9. 

72.3 

54.2 

57.4 

78.5 

Pink Kafir 


78.3 

7.9 


71.3 

57.6 

43.4 

53.6 

71.5 

Martin 


78.7 

9.1 


74.6 

64.7 

37.6 

50.6 

75.5 

Average 

20.6* 

80.9 

13.2 

94.4* 

75.6 

64.8 

50.5 

52.7 

75.8 

Germ 










Westiand 


14.1 

75.9 


21.0 

33.0 

22.9 

30.7 

15.6 

Midland 


13.2 

74.4 


12.5 

23.4 

19.9 

34.6 

13.9 

Cody 


11.3 

68.0 


11.6 

19.9 

20.8 

26.5 

13.9 

Pink Kafir 


17.8 

80.5 


22.0 

35.0 

32.5 

29.2 

20.5 

Martin 


18.0 

82.0 


18.6 

29.1 

42.5 

36.8 

17.5 

Average 

68.6* 

14.9 

76.2 

1.8* 

17.1 

28.1 

27.7 

31.6 

16.3 

Bran 










Westiand 


4.8 

10.0 


8.3 

7.5 


16.7 

9.1 

Midland 


4.6 

11.2 


8.2 

6.6 

19.2 

15.9 

8.1 

Cody 


4.7 

11.4 


6.5 

7.8 

25.0 

16.1 

7.6 

Pink Kafir 


3.9 

11.6 


6.7 

7.4 

24.1 

17.2 

8.0 

Martin 


3.3 

8.9 


6.8 

6.2 

19.9 

12.6 

7.0 

Average 

10.8* 

4.0 

10.6 

3.8* 

7.3 

7.1 

21.8 

15.7 

8.0 


1 Oil in bran includes wax, 

* Calculated from analysis of composite sample. 


Vitamin content varies much more among varieties than does the 
proportion of major constituents. Since the analyses of Tanner, Pfeif¬ 
fer, and Curtis (14) show about twice the range in vitamin content 
reported here, it would seem that five samples are inadequate for a 
completely satisfactory picture. However, the general relationship 
between the composition of the fractions is probably shown satisfac¬ 
torily by the five samples. For example, analysis of the germ of 
numerous varieties would probably extend the range of vitamin content 
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found in the germ, but would not change the conclusion that the germ 
is the richest of the fractions and contains in general a concentration 
from two to five times as high as that of the endosperm and bran. 
Riboflavin in bran is exceptionally high, equaling that in germ. Niacin, 
pantothenic acid, and pyridoxine occur in the bran and endosperm in 
essentially the same concentration. 

Table II shows the proportion of each constituent which occurs in 
the various fractions. Five samples are probably sufficient also to give 
a satisfactory representation of this distribution. 
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BETA-AMYLASE ACTIVITIES OF BARLEY, 

WHEAT, AND RYE ^ 

Victor L. Erlich® and George M. Burkert® 

ABSTRACT 

Three fractions of beta-amylase are thought to be present in ungermi¬ 
nated barley, wheat and rye, the common cereals of the botanical tribe 
Hordeeae. One is water-soluble, the second is soluble in dilute salt solutions, 
and the third is made available by the action of proteolytic enzymes, such as 
papain. 

Studies of the comparative amounts of these fractions were made, 
chiefly on barley and wheat, and were supplemented with data from the 
literature. Ungerminated grain, germinating grain, and malt were each 
extracted at 20®C. with water, salt solution, and papain solution respect¬ 
ively, for from two hours to three days, and the beta-amylase activity of the 
extracts determined. 

Maximum beta-amylase activity of the water extract of the ungerminated 
grains was obtained within two to three days, and more quickly when the 
grains were germinated. When limited amounts of salts were added to the 
infusion, the activity of the extract increased. The amount of beta-amylase 
made available by such salt additions decreased as extraction progressed, 
and was negligible when extraction was completed. It also diminished as 
germination progressed. The maximum beta-amylase values to be reached in 
extraction were therefore not increased upon salt additions. The differential 
effects of salt additions were correlated with the ash contents of the cereals 
studied. It is concluded that the water-soluble and the salt-soluble activi¬ 
ties constitute the “active” beta-amylase fraction, its water-soluble portion 
being the one which is made available by the water solution of salts contained 
in the grain. 

The “inactive” fraction of the “total” beta-amylase activity is rendered 
water-soluble by proteolytic enzymes. This fraction was little affected by 
time and temperature of extraction, but decreased during germination while 
the “active” frau:tion increased. 

The beta-amylase activitj' of a cereal malt is generally assumed 
to be pregxistent in the mature, ungerminated grain. Only a part 
of this activity, however, is readily available, or “free,” in the water 

1 Manuscript received December 21.1049. 

* 890 Park Avenue, New York, New York. 

* Wisconsin Malting Companyt Manitowoc* Wisconsin. 
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extract of an ungerminated cereal. The presence of substantial frac¬ 
tions of inactive beta-amylase appears to be common in wheat, barley, 
and rye (8, 21). While all cereals belong, botanically, to the Gramin- 
eae, or grass family, these three are in the tribe called Hordeeae 
which does not include the other common cereals (18). 

There is some controversy as to how the inactive portion of amy¬ 
lase is made available (11). Dull and Swanson (11) have suggested 
the term '‘bound** to designate the amylase fraction which is inactive 
due to physical causes, and “latent’* for that rendered active by chem¬ 
ical reaction. Their opinion was that bound beta-amylase is released 
by salts from parts of the protein matrix, where it is adsorbed or 
occluded. 

The use of papain in analytical methods for determining “total** 
beta-amylase activit^^ is based on the fact that the latent fraction of 
the enzyme is made available by proteolytic enzymes. It is contro¬ 
versial whether this activation is the direct or indirect result of pro¬ 
teolysis, a reduction reaction involving the sulhydryl groups of the 
enzyme molecules (39), or results from the removal of inhibiting sub¬ 
stances (19). 

The present investigation was undertaken to secure further infor¬ 
mation concerning the comparative amounts of water-soluble, salt- 
soluble, and latent fractions of beta-amylase in ungerminated barley 
and wheat, in the germinating grains and in malts prepared from them. 

Materials and Methods 

Samples of different types of barley, wheat, and rye were selected 
for the evaluation of the beta-amylase activities of the ungerminated 
grains, of these grains during germination, and of the final malts. The 
barleys were all of the six-rowed spring type used for commercial 
malting. Each sample lot of barley was designated by a serial number 
according to the origin, viz: North Dakota B-1 to B-11, South Dakota 
B-21 to B-2S, Minnesota B-31 to B-38, and Montana B-41 to B-42. 
The wheats, W1 to W3, represented three different hard winter wheats; 
the rye samples were labeled R. 

Ten grams of the conventionally ground samples of grain or malt 
were infused with 200 ml. distilled water or salt solution, with or with¬ 
out addition of two grams papain (Merck). The extractions were con¬ 
ducted at 20®C. over periods of 2, 22,46, or 70 hours, and at 30®C. for 2 
hours. Toluene was added to all extractions of more than 3 hours. 
Extractions at 40®C. were made in some instances but are not reported 
in this study because destructive effects on the beta-amylase activities 
became apparent, particularly in the presence of salts and of papain 
(3,15). 
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The beta-amylase activities of the ungerminated grains were meas¬ 
ured in the filtered extracts according to the conventional method for 
determining the diastatic power (Cereal Laboratory Methods, Sth ed., 
1947). Alpha-amylase activities were disregarded because the cor¬ 
responding saccharifying activities were below the margin of analytical 
error of the diastatic power evaluation, even in the presence of salts or 
papain. 

For the germinated wet grains, which were dried in vacuo, and for 
the kiln-dried malts, both the diastatic power or total saccharifying 
activity and the alpha-dextrinizing activity were measured in each ex¬ 
tract. The latter determination was by the method of Olson, Evans, 
and Dickson (29), but the equivalent saccharifying activities were 
averaged from the values given by these authors and those published 
by Ehrnst and Lucht (13), which differ somewhat in the lower and 
higher brackets of activities. The beta-amylase activities were cal¬ 
culated as the difference between the total and the alpha-saccharifying 
activities, and expressed in terms of maltose equivalent divided by 
4 ("L.). 

Results 

Influence of Salt- and Papain-Concentrations on the Availability of 
Beta-Amylase from Ungerminated Grains, It has been reported for 
wheat (10, 20) and for barley (11) that the amount of beta-amylase 
extracted increases with the concentration of neutral salt present, but 
reaches a maximum at approximately 0.1 to 0.2 N salt concentration. 
In these experiments the salt used amounted to about 12 to 15% of the 
weight of the grain. Salts present in greater amounts may exert 
detrimental effects either by depressing the activity of the solution (14) 
or by acting as precipitating (‘‘salting out”) agents (30, 31). 

When increasing quantities of proteolytic enzymes such as papain, 
trypsin, rennet (7, 8) or ficin (3) are added to the water infusions of the 
grains, increasing beta-amylase activities result in the extract, until 
the highest activity is reached in a given time of extraction. Twenty 
parts of commercial papain per hundred parts of grain are usually more 
than the quantity necessary to give solutions of maximum activity 
(10), but may exert slightly detrimental effects over longer periods of 
extraction, especially at higher temperatures (3). 

The complementary effect of salt and papain is illustrated in Table 
I by values obtained on two very similar samples of hard wheat for 
which the influence of salt alone was pronounced. The data for the 
suboptimal papain concentrations are reproduced from the paper of 
Jozsa and Gore (20). 

The salt effect exceeded that of papain at the low, suboptimal con¬ 
centrations of the latter. Inci;^asing papain quantities reduced this 
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difference and then progressively exceeded the activating influence of 
the salt until the highest activation of enzyme by papain was attained. 
The complementary effect of salt plus papain was pronounced at the 
lowest papain concentration compared with that of papain alone, but 
it diminished with increasing papain activation and disappeared as 
soon as the papain quantity became sufficient for maximum activation. 
Over prolonged periods of extraction, addition of salt to the papain- 
gradn infusion resulted in lower beta-amylase values than with papain 
alone. 

Influence of Time of Infusion on the Water-f Salt-, and Papain- 
Soluble Beta-amylase Activities of Ungerminated Grains, Results ob¬ 
tained in the extraction of several barley samples with distilled water 

TABLE I 

Combined Influence of Salt and Papain on the Availability of 
Beta-Amylase in Extracting Hard Wheat 


Duration 
of Ex¬ 
traction 
at 20®C. 

Extraction-Medium 

Differential Effects 

Water 

Distd. 

Salt 

•wnthout 

Papain 

Papain 

Papain 

compared 

with 

Salt 

Papain -fSalt 
comx)ared with 

Ratio 

to 

Wheat 

Without 

Salt 

Plus 

Salt 

Salt 

Alone 

Papain 

Alone 

Hour£ 

®L. 

"L. 

% 

®L. 

®L. 

®L. 

®L. 

®L. 

21 

44 

102 


48 

103 

-54 

4- 1 

+55 

21 

44 

102 


58 


-44 

+ 3 

+47 

21 

44 

102 


72 

115 

-30 

+13 

+43 

21 

44 

102 


90 

120 

-12 

+18 

+30 

21 

44 

102 


119 

147 

H-17 

+45 

+28 

2 

38 

98« 


176 

178 

+78 


+ 2 

22 

50 

123® 


198 

196 

+75 

+73 

- 2 

46 

62 

128* 

IHI 

203 

195 

+75 

+67 

- 8 


1 Ertraction results taken from the paper of Jozsa and Gore (20) with the kind permission of the 
publishers of Industrial and Engineering Chemist^; 0.03 N NaCl or Z% of wheat meal in 1:10 sus¬ 
pension. 

2 0.1 NaCl or \2% of wheat meal in 1:20 suspension (Wheat W-1). 


without and in the presence of either salt or papain are reported in 
Table IL The figures are representative of similar experiments made 
on a greater number of different sample lots of spring barleys. Results 
reproduced from the paper of Davidson (9) are added because they 
refer to winter barleys of low diastatic power, treated under conditions 
of grain and salt concentrations which differed from those employed 
in our experiments. 

The water-, salt-, and “total*’ papain-soluble activities of the spring 
barleys increased greatly during the first day of infusion at 20°C,, they 
continued to rise somewhat to a maximum during a second, but showed 
practically no change on a third day. This is in agreement with similar 
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experiments reported in the literature (3, 27). Besides sample differ¬ 
ences, the fineness of the grain meal influence such results (4). With 
Davidson’s winter barleys the increases of the activities with time of 
extraction were less pronounced. 

The activating effect of salt additions to infusions of spring barleys 
was small during the first hours of the extraction, and nearly disap¬ 
peared in the longer extractions. Sodium and potassium chlorides, 


TABLE II 

Influence of Duration of Infusion (at 20®C.) on the Avail¬ 
ability OF Beta-Amylase in Water-, Salt-, and 
Papain-Extractions of Barley Grain 


Barley 

2 Hours 



1 Day 



2 Days 


3 Days 


Sample 

Distd.* 

Water 

Salt 

Papain 

Distd. 

Water 

Salt 

Papain 

Distd. 

Water 

Salt 

Papain 

Distd. 

Water 



P 

B-1 

«L. 

°L 

“L. 

“L. 

*L. 


®L. 

“L. 

°L. 

®L. 

«L. 

®L. 

57 

59 

Ill 

116 

114 

161 

_ 

_ 

_ 

- 

— 

■ 

B-3 

69 

76 

120 

111 

116 

160 

123 

126 

168 

— 

— 

— 

B.6 


84 

130 


130 

175 

133 

136 

180 

— 

— 

— 

B.21 

69 

76 

125 

108 

109 

156 

— 

— 

— 

— 

— 

— 

B-23 

86 

89 

146 

129 

127 

178 

— 

— 

— 

— 

— 

— 

B-2S 

93 

— 

159 

153 

— 

218 

176 

— 

223 

— 

— 

— 

B-31 

65 

70 

113 

112 

114 

149 

120 

121 

154 

— 

— 

— 

B-41 

101 

108 

209 

156 

158 

249 

178 

180 

268 

— 

— 

— 

B-11 

88 

95 

160 

143 

148 

202 


156 

206 

149 

155 

206 

B-11 

88 

98* 

160 

143 

144* 

202 

150 

149* 

206 

149 

151* 

206 

IP 













B-11 

87 

93 

147 

141 

152 


150 

156 

206 



206 

B-11 

87 

94* 

mta 


144* 


ISO 

155* 


■E9 


206 

IIP 



Ml 










B-a 

31 

— 



— 

62 

48 

— 

74 

49 

— 

74 

B-b 

41 

25 

■1 


29 

75 

■ 


— 

57 

33 

86 


* Figures TAurked with asterisk refer to extractions m presence of KCl, all others to those in presence 
ot NaCl. 

> Spring barleys; grain infusion 1 ^rt to 20 parts ot water; ^It in 0.1 iV solution equivalent to 12% 
of the grain; papain equivalent to 20% of the weight of the gram. 

* Spring barley; grain infusion 1 part to 30 parts wa^; salt ii^. 
the weight of the grain; papain added in amount equivalent to 15% 

* winter barleys; extraction results reproduced from the papc 
infusion conditions identical to those descnbed in footnote 2 (abovt 


,17 N solution equivalent to 30% of 
of the weight of the grain, 
r of Davidson (9), obtained under 


compared on equimolar bases, gave similar results, but some significant 
differential salt effects on the availability of beta-amylase have been 
reported (11)^ According to Davidson’s reports, salt additions re¬ 
sulted in lower beta-amylase values in the case of winter barleys. The 
lower values were not due to the difference in the extraction conditions, 
as shown by comparative experiments conducted with spring barleys, 
given in Table II under heading II. 


* See Discussion. Sodium-bicarbonate was found to giye^extraction r^ts similar to but dways 
slightly h fgW than those obtained with sodium chloride; ^ is. however, m hue with the f^ that bi- 
au^iSl^toa stimulating effect upon-the beta-amylase activity in water solution (14). 
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The beta-amylase activities of wheat show trends which are basic¬ 
ally similar to those described for barley. In the case of wheat also, 
the type of grain greatly influences the beta-amylase activity 
(9, 20, 33, 34). Extraction results for some examples of wheat and rye 
are given in Table III. 

In these examples, the rate at which the water-soluble fraction be¬ 
came available was slow compared with that of the spring barleys, and 
solubilization still continued after two days of infusion at 20®C. 

The salt additions, however, increased the extraction of the beta- 
amylase to a much higher degree than for barley in the initial periods 
of the infusion, but the salt effect diminished and finally disappeared 

TABLE III 


Influence of Duration of Infusion (at 20°C.) on the Avail¬ 
ability OF Beta-Amylase in Water-, Salt-, and 
Papain-Extractions of Wheat and Rye Grains 


Grain 

21 or 3* Hours 


1 Day 



2 Days 


3 Days 

Sample 

Distd. 

Water 


Papain 

Distd. 

Water 

NaCl 

Papain 

Distd. 

Water 

NaCl 

Papain 

Distd. 

Water 

NaCl 

Papain 

Wheat 

®L. 

■ 

«L. 

®L. 

«l. 

“L. 

®l. 

®L. 

®L. 

®L. 

®L. 

“L. 

W-P 

38 

98 

176 

MM 

123 

198 

62 

128 

203 

— 

— 

— 

W .31 

53 

91 

151 

64 

131 

185 

135 

141 

188 

150 

141 

185 

W-a* 

45 

— 

90 

44 

— 

90 

45 

— 

89 

47 

— 

87 

W-b* 

Rye 

R-P 

54 

75 

104 

! 

54 

80 


59 

— 

103 

61 

00 

103 

66 

71 

94 

78 

79 

96 

79 

82 

94 

81 

83 

96 

R-a® 

66 

— 

85 

71 

— 

89 

77 

— 

90 

83 

— 

94 

R-b* 

89 

84 

111 

96 

92 

112 

102 

— 

114 


93 

109 


1 Gtain infusion 1 part to 20 parts of water; salt in 0.1 N solution equivalent to 12% of the grain; 
papain added in amount eciuivalent to 20% of the weight of the grain. 

3 Extraction results reproduced from the paper of Davidson (9); Infusions of 1 part grain to 33 parts 
water; salt in 0.17 N solution equivalent to 30% of the weight of the grain; papain added in amount 
equivalent to 15% of the weight of the grain. 

when the extraction was sufficiently prolonged to give the highest level 
of the water-soluble activity. In the latter case, the added salt some¬ 
times had a slightly depressing action. 

The effects on rye are similar in principle, and are also subject to 
differences dependent upon the type of grain (7, 9, 21). 

The papain-activated beta-amylase fractions, calculated as the 
difference between the **total’' and the respective water- and salt- 
soluble activities, are recorded in Fig. 1, for three samples of barley with 
widely different diastatic activities, for one hard wheat and one rye. 

The water-insoluble fractions of barley and rye decreased pro¬ 
nouncedly during the first day of extraction, but to a lesser degree on 
the following days. The correspondingt effects on wheat were quite 
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inconsistent during the initial periods of infusion; strong decrease of 
this fraction occurred, however, with progressing-extraction. Cal¬ 
culation of these papain-activated fractions from data found in previ¬ 
ous publications confirms these findings. 

The salt-insoluble fractions were much less affected by the time of 
extraction; they decreased but slightly in the initial periods and still 
less with more complete extractions. The similarity observed in this 
respect for barley and rye as well as for wheat appears to be significant. 

Experiments conducted comparatively at 20®C. and at 30*^0. 
showed the influence of higher extraction temperature to be in accord¬ 
ance with that of increased duration at the same temperature. 

Influence of Germination on the Beta-Amylase Activity of Barley 
and Wheat. The “free” beta-amylase activity, as determined con¬ 
ventionally in two to three hour infusions, increases greatly during the 



DURATION OF INFUSION, HOURS 


Fig. 1. Effect of the time of infusion on the water- and salt-soluble beta-amylase fractions as 
activated by papain in ungerminated barley, wheat, and rye. Infusion at 20®C. of one part gram for 
20 parts water; salt effect of 0.1 N sodium chloride. Beta-amylase activities escpreased in maltose- 
equivalents divided by four. ^ 
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BARLEY B-2 (NORTH DAKOTA) 



DAYS OF GERMINATION 


A GRAIN MOISTCIRE 41-42% 
B GRAIN MOISTURE 46-47% 


.• TOTAL BETA-AMYLASE 

ACTIVITY C22 HOURS EXTRACTION) 

•-- 22 HOURS WATER EXTR. 

--- 2 HOURS WATER EXTR. 


Fig, 2. Devdopment of the water-soluble beta-amylase activities, measured after 2- and 22-hour 
infusions, during germination of commercial barleys. Germination at 16®C., moisture content of the 
germinating grains maintained at different levels, as indicated. Beta-amylase activities expressed in 
maltose-equivalents divided by four. 


germinatioa of the grains, much more than does the “total” activity 
(6,16, 21,22, 24, 26). It was of interest to compare the results of 
short and of prolonged grain infusions during germination. Two dif¬ 
ferent samples of barley served each for 16 malting operations in which 
groups of four were conducted under similar conditions. For each 
group, the grain moisture was maintdned on a different level, constant 
throughout the germination. The mean values obtained’.for the two 
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barleys on two of these groups of subsamples after four, five and six 
days of germination, are shown in Fig. 2. 

The influence of duration of extraction upon the availability of 
water-soluble beta-amylase diminishes greatly with increasing length 
of germination, i.e., with the disaggregation of the inner kernel struc¬ 
ture. Therefore, the “free” activity measured after 22-hour infusion 
increases during germination less than does the conventionally deter¬ 
mined beta-amylase activity. The same is true for the “total” 
activity. A 22-hour infusion at 20®C, is practically sufficient for full 
availability of the free and the total beta-amylase activities of com¬ 
mercial barley malts. 

TABLE IV 


Influence of the Duration of Infusion on the Availability 
OF the Water-Soluble Beta-Amylase Activities 
OF Kiln-Dried Malts 


Sample 

Infusion 20®C., 2 hrs. 

Infusion 20®C.. 22 hrs. 

Increase from 2 to 22 hrs. 

Raw 

Grain 

Malt dried at: 

Raw 

Gram 

Malt dried at 

Raw 

Grain 

Malt dried at* 

S0®C 

72®C. 

50®C 

72®C. 

S0®C. 

72®C. 


®L. 

®L, 

®L. 

®L. 

®L. 

®L. 

®L. 

®L. 

®L. 

B-S 

77 

139 

116 

119 

154 

134 

42 

15 

18 

B-8 

99 

179 

140 

141 

201 

143 

42 

22 

3 

B-22 

77 

149 


128 

171 

127 

51 

22 

19 

B-24 

90 

167 

131 

130 

185 

144 

40 

18 

13 

B-32 

83 

161 

114 

136 

168 

132 

53 


18 

B-3S 

100 

176 

139 

143 

183 

154 

43 

H 

15 

Mean values for the barleys 

45 

15 

14 

W-1 

98 

127 

— 

123 

143 

— 

25 

16 

— 


The drying conditions of the malts and consequent losses in activity 
have little bearing upon these results. This is shown in Table IV for 
malts which were dried at two different temperature levels and com¬ 
pared with the respective ungerminated grains. 

The salt effect on malt extractions is illustrated in Table V. 

The small stimulating ififluence of salt upon availability of the 
enzyme, noted for the ungerminated spring barleys, practically disap¬ 
peared upon germination. In wheat, the strong salt effect observed 
for the ungerminated grain became markedly reduced upon germina¬ 
tion, but still remained appreciable (14,15). The availability of the 
salt-soluble beta-amylase increases during germination, but to a lesser 
degree than that of the respective water-soluble fractions. 

The papain-activated fraqjions of beta-amylase in both barley and 
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wheat malts, little affected by the conditions of infusion, were appreci¬ 
ably lower than in the respective ungerminated grains. Some examples 
are given in Table VI for commercial malts of 5 to 6 days germination. 

Comparisons of the activities were based upon measurements ob¬ 
tained in two-day extractions of the ungerminated grains and one-day 
extractions of the malts. The papain-activated fractions decreased 
progressively in amount during germination; this is illustrated by 
sample B-2 which compares three stages of development of green malt. 
In commercial malts substantial amounts of the papain-activated 


TABLE V 

Influence of Salt Additions on the Beta-Amylase 
Activities in the Extraction of Malts 



Infusion 20®C., 2 hrs. 

Infusion 30®C., 2 hrs. 

Infusion 20°C„ 22 hrs. 

Sample 










Water 

NaCl 

Increase 

Water 

NaCl 

Increase 

Water 

NaCI 

Increase 



®L, 

°L. 

®L. 


®L. 

®L. 

®L. 

®L. 

“L. 

B-9 


Ill 

2 


■IB 

6 

— 

— 

— 

B-10 

165 

165 

0 


Warn 

1 

176 

176 

0 

B-26 

82 

84 

2 

HCiiB 

K9 

3 

— 

— 

— 

B.32 

114 

115 

1 

115 

mlm 

- 1 

132 

129 

- 3 

B.36 

118 

117 

- 1 

119 

120 

1 

124 

125 

1 

B-37 

114 

116 

2 

— 

— 

— 

122 

122 

0 

B-38 

105 

105 

0 

— 

— 


116 

116 

0 

Mean valuesj°" 

1 



2 



0 

of increases | 

^^grains 

m 



3 



21 

W-1 

82 

127 

45 

85 

137 

52 

no 

143 

33 

Increase on raw grain; 

60* 






73* 

W-2 





80 

24 

— 

— 

— 


t See Table II. 
flSee Table III. 


fraction of the enzyme are present, but when germination is continued 
beyond usual practice, the beta-amylase becomes completely water- 
soluble as shown by previous workers for wheat (22) and for barley 
( 38 )^ 

The “total’* beta-amylase activity of commercial green malt is 
always higher than that of the respective ungerminated grain, com¬ 
pared on a weight basis. Losses in beta-amylase activity become 
noticeable after prolonged periods of germination (22), but are unusual 
in normal malting practice. The increases reported in Table VI can be 

• Weichhfira! and Asmus (38) found the "total” diastatic power remaining slightly higher than the 
free activity, but they disregarded the papain effect upon the alpha-amylase activity (14). 
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TABLE VI 

Comparison of Beta-Amylase Activities of Malts and of 
THE Respective Raw Grains 


Sample 

Salt-Soluble 

Fractions^ 

Total Activities^ 

Papaun-Activated Fractions 













Raw 

Green 

Raw 

Green 

Kilned 

Raw 

Green 

Kilned 


Grain 

Malt 


Gram 

Malt 


Malt* 

Gram 

Malt 

Malt 


®L. 

®L. 


®L. 

®L. 


®L. 

°L. 

®L. 


®L. 

B-2 

■ ^ W 

153 


168 

195 


— 

46 

42 


_ 

B.2 

■ 

177 


168 

209 


— 

46 

32 


_ 

B-2 


186. 


168 

215. 


— 

46 

29. 


— 

B-3 

126 

— 


168 

— 


1S8* 

42 



30 

B-4 

136 

— 


193 


194 

57 

— 


37 

B-5 

132 

174 


180 

194 


154* 

48 

20 


14 

B-6 

136 

— 


180 

— 


167* 

44 

— 


26 

B-7 

149 

186 


191 

207 


202 

48 

21 


12 

B-8 

154 

206 


213 

227 


170* 

59 

21 


27 

B-22 

141 

172 


194 

195 


132* 

53 

23 


5 

B-24 

143 

176 


182 

211 


160* 

39 

35 


16 

B-2S 

178 

223 



244 


— 

45 

21 


— 

B-32 

149 

182 


205 

215 


148* 

56 

33 


16 

B-34 

136 

179 


177 

193 


186 

41 

14 


11 

B-35 1 

156 

196 



222 


177* 

46 

26 


23 

B-42 1 

203 

— 


286 

(310)^ 

294 

83 

— 


63 

W-l 

128 

(159)* 


(219)^ 

203 

75 

(60)* 

60 


1 Activities measured after 46 hours infusion with 0.1 N NaCl solution for the raw grains, after 22 
hours for the malts. 

* Total activities extracted in presence of 20% papain of grain and malt; 46 hours for grains. 22 
hours for malts. 

’ The malts marlced with an asterisk (*) are brewers, dried at final temperatures of 72^C.. the others 
were dried at 50*’C. 

4 V^ues are estimated. 


explained by the fact that 6 to 9% of the dry matter is lost during the 
malting process; in a few cases the difference was found to be somewhat 
greater, but it must be considered that infusion of the ungerminated 
grain over periods of two days may not always give complete extraction 
and infusions continued beyond that duration may give low results, 
especially in presence of salts and of papain. 

Discussion 

Intervarietal correlation between the total saccharifying power of 
barley and the salt-solubility of the protein fractions has been shown to 
exist (1). Increase in availability of the beta-amylase of barley by 
infusion with solutions of salts of various anions and in different con¬ 
centrations is of a nature similar to such salt effects on the peptization 
of the grain proteins (11, 36). 

It is known that “free” beta-amylase increases with the concentra¬ 
tion of the flour mashes (20), it is higher in whole wheat than in patent 
flour, and still greater in the low-grade flour portions, parallel with the 
increasing ash contents (5, 9, 37). Likewise the degree of peptization 
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of different wheat flours has been shown to be positively correlated with 
their ash contents (32), as are also the proteolytic activities (17). 
The availability of the latter in grain infusions is apparently also in¬ 
creased in the presence of salts (12, 23). 

Similar differences in the water-solubility of beta-amylase should 
become apparent when different grain types are compared with regard 
to their ash content. Barley, for instance, may vary in its ash on a 
dry basis from 2.4 to 3.5% (Spring barleys have usually 2.5 to 3.0% 
ash, Winter varieties up to 3.5%). Wheat has normally less than 2% 
ash (hard varieties 1.4 to 2.1%); the ash of rye is intermediate between 
barley and wheat. 

According to the experiments reported here, salts only slightly in¬ 
crease the beta-amylase activity of spring barleys and of rye, but effect 
a considerable increase in the case of hard wheats. Davidson (9), re¬ 
ported the beta-amylase activity of winter barleys pronouncedly de¬ 
pressed, that of rye only slightly, and that of wheat increased. This 
could mean that the soluble ash of the barleys and ryes was sufficient 
to release nearly all or all of the “bound** beta-amylase, whereas the 
wheats needed substantial supplementation by added salts to complete 
the liberation, unless the time of extraction was considerably extended. 

As reported in the present study, prolonged infusion of grains and 
malts in distilled water led to increasing beta-amylase activity until a 
maximum was obtained. Salts added in limited amounts accelerated 
this solubilization more or less, but the maximum availability remained 
the same as could be reached in sufficiently long water infusions. 

In the malting process, the soluble minerals apparently diffuse into 
the core of the kernel during the soaking of the grain, and can be ex¬ 
pected to act upon bound beta-amylase similarily, though more slowly, 
than they do in the water infusions of the grain meals. This may be 
one of the reasons why beta-amylase is more readily made available 
by water as germination progresses. Similarly, the accelerating effect 
of salts noted in the infusions of the ungerminated grains, is reduced 
or disappears upon their germination. 

Therefore, it seems unwarranted to make a fundamental distinction 
between water-soluble, or “free** beta-amylase, and the “bound** or 
salt-soluble enzyme. The conclusion is suggested that both portions 
are “active** though not immediately available in their entirety be¬ 
cause adsorbed, enveloped, or otherwise physically bound to certain 
fractions of the protein matrix. This “active** beta-amylase is com¬ 
pletely released upon action of salts in solution furnished partly or 
fully by the grain ash. Such release proceeds simultaneously with 
peptization of the protein complexes, which is not necessarily a protein 
hydrolysis (35). 
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The “inactive” or “latent” beta-amylase fraction should be con¬ 
sidered as that portion of the “total” activity which can not be made 
available by water in the presence of adequate salt quantities. The 
“inactive” beta-amylase is present either in reversibly oxidized form or 
chemically bound to another protein molecule. It is rendered water- 
soluble by proteolytic enzymes acting either as such or as reducing 
agents involving the sulfhydryl groups, or both. 

It is here reported that these “inactive” fractions are little affected 
when time or temperature of the grain infusions are increased. In fact, 
they diminish slightly under such conditions, probably due to proteo¬ 
lytic action of the grain enzymes which are present. Curves plotted 
for the “total” activities against time of infusion show nearly the same 
slope as those of the respective salt-soluble “active” fractions and the 
increasing availability of the latter determines predominantly that of 
the “total” papain-soluble activities. Salts added to the papain-water 
infusions have either no effect or a detrimental effect. Commercial 
papain preparations contain enough soluble mineral salts to supply the 
grain-water infusions with the necessary salt supplements (14). Heat- 
inactivated papain has been reported to increase the water-extracted 
beta-amylase fraction of barley (7). Myrb§,ck and Myrb^ck (28) did 
not confirm this effect but this is not necessarily a contradiction; they 
measured after a 20-hour infusion at 30®C., thus after the activity had 
been already completely released with water, whereas Chrzaszcz (7) 
compared the activities after 14 hours at 20°C; see above Table 11. 
Papain thus provides for the release of both the “active” and the “in¬ 
active” beta-amylase. 

During germination the proteolytic activities of the cereals are 
known to increase greatly (2, 25), and this may cause the progressive 
decrease of the “inactive” beta-amylase fraction. The “active” 
fraction, in turn, increases correspondingly beyond that present in the 
ungerminated grains. This increase, however, is much smaller than 
that of the seemingly free activity measured on the basis of con¬ 
ventional water extractions. 

It is of interest to note that these changes, which occur during 
germination, take a course opposite to that apparent during the 
ripening periods of the cereal grains, as shown for wheat by Schwimmer 
(34), who thought the progressive insolubilization of beta-amylase to be 
connected with the dehydration of the maturing grain and the forma¬ 
tion of the final protein complexes. 

The effects of salts and of papain on the availability of cereal alpha- 
amylase, discussed for barley and wheat malts by Erlich and Burkert 
(14), are apparently of a different nature than those on beta-amylase. 
However, when these activities are measured in their water extracts, 
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it has to be considered for both types of enzymes that any infusion of 
cereal grains or malts in distilled water isactually an extraction by a weak 
salt solution produced by the soluble ash minerals. This is particu¬ 
larly important when the release of the enzyme activity from the grain 
is highly sensitive to small changes in salt concentration. Such is the 
case for alpha-amylase of both barley and wheat malts and for beta- 
amylase of wheat grain and flour, of malted wheat flour and some com- 
merical wheat malts, but to a lesser degree for ungerminated barley 
and rye; it is not the case for beta-amylase of barley malt. 

The presence of salts and possibly other soluble compounds in com¬ 
mercial papain also influences the utilization of these preparations in 
analytical procedures. In the case of alpha-amylase, the action of 
papain in apparently due only to its soluble ash content, and the 
maximum effect is lower than that obtainable with adequate salt solu¬ 
tions. No chemical activation of an “inactive*' alpha-amylase frac¬ 
tion can be observed, as common for the beta-amylase activities of 
wheat, barley and rye. 
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POLYOXYETHYLENE MONOSTEARATE AS AN 
ANTI-STALING ADJUNCT IN BREAD 

B. G. Carson, L. F. Marnett and R. W. Selman 
ABSTRACT 

Various methods for determining the physical changes talking place 
during the staling of bread baked with and without the addition of polyoxy¬ 
ethylene monostearate have been evaluated. Measurements of the decrease 
of crumb thickness indicate that the use of this adjunct markedly retards the 
firming of bread as it ages from 4 to 115 hours. 

The crumbliness test for staling, the Katz method for measuring the 
decrease in soluble starches, the swelling power test, and the farinograph 
method of measuring the decrease in water absorptive capacity give anoma¬ 
lous results when bread contains polyoxyethylene monostearate. This fail¬ 
ure to give measurements indicative of the age of the bread is attributed to 
the polyoxyethylene monostearate having reduced the hydrophilic character¬ 
istics of the starch so that the normal molecular alignments of starch chains 
with each other and with water fail to occur. 

The only traditional staling rate measurements which appear to be of 
value are those dealing with changes in softness and possibly in crumbliness, 
but crumbliness appears to be more indicative of tenderness than of age. 

Katz (10), who did such extensive work on the problem of bread 
staling during the period 1912-1939, devised many of the tests for 
staling in use today. Most of these have been modified and r^’, jied to 
make use of present-day equipment, but their essential chaor er has 
remained unchanged. Since 1930 several reviews of these stH|,^ tests 
and their modifications have appeared in Cereal Chemistry. Mention 
should be made especially of the reviews by Platt (11), Cathcart (4), 
Alsberg (1), and Geddes and Bice (9). 

This paper reports the results of applying the traditional staling 
tests to bread containing polyoxyethylene monostearate (POEMS). 
The studies reported show the effect of POEMS on (a) changes in 
compressibility or, as Bice and Geddes (3) prefer “changes in the soft¬ 
ness of bread crumb,” (b) changes in crumbliness as a measure of stal¬ 
ing, (c) changes in crumbliness as a measure of tenderness, (d) changes 
in water absorptive power as a measure of staling and (e) changes in 
soluble starch content as a measure of staling. In addition the effect 
of POEMS on the wetting rate of bread crumb is reported. 

^ Manuscript received May 31,1949. Presented at the Annual Meeting, May, 1949. 

* Contribution from C. J. Patterson Company, Kansas City, Misboun. 
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Changes in Compressibility 

The most noticeable change taking place in bread as it becomes stale 
is the increase in firmness or the decrease in compressibility of the 
crumb. 

Katz (10), Platt (11), Bailey (2), Combs (6), Straub (12), and many 
others have described compressimeters to be used in the measurement of 
staling rates. Two techniques are involved. Either the instrument 
determines the weight necessary to bring about a predetermined de¬ 
crease in crumb thickness or it determines the decrease in thickness 
caused by addition of a given weight. In this paper the latter method 
is applied. In all instruments, the pressure is applied for a definite 
length of time. These methods have been discussed full> by Bice and 
Geddes (3). 

For the various studies reported in this paper, all bread was baked 
by the same sponge-dough method, employing the following formula 
except where otherwise indicated * 


Ingredient 

Per Cent 

Weight (gms.) 

Flour 

100 

700 (14% moisture) 

Water 

57-69 

399-483 

Yeast 

2.0 

14.0 

Yeast food 

0.5 

3.5 

Milk 

3.0 

21.0 

Sugar 

5.0 

35.0 

Lard 

2.0 

14.0 

Salt 

2.0 

14.0 


A 60% sponge with an absorption of 57% was used. All the yeast 
was dispersed in the sponge water prior to the addition of the flour. 
In Hing sponge ingredients, yeast food and malt (when needed) 
were a 'd directly on top of the flour. 

JTiu .sponge was mixed one minute at low speed, then one minute in 
second speed. To prevent excessive flour dust, the water and yeast 
solutions were poured into the mixing bowl before the other sponge in¬ 
gredients were added. The sponge was placed in a metal trough and 
fermented four and one-half hours at 84®F. (29°C.) and 85% relative 
humidity. 

The dough was mixed as follows: Dry ingredients and the remaining 
water were placed in the bowl and mixed at the lowest speed for three 
minutes. During the first minute the sponge was added in three or 
four approximately equal lumps. After low-speed mixing, the dough 
was mixed at second speed for the predetermined time. The mixing 
bowl was jacketed with ice water and chilled water was used as the 
dough water so that the dough came from the mixer at 80®F. (26.6°C.). 

Immediately after mixing, the dough was again placed in the fer¬ 
mentation trough and a therRiometer was inserted. After one minute 
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the temperature was recorded and the trough was returned to the fer¬ 
mentation cabinet for 35 minutes. At the end of this period the dough 
was removed and two 380 gm. pieces scaled from it. Each of the pieces 
was formed into a ball by a manual operation which was intended to 
simulate the action of the commercial rounder. The pieces were then 
dusted and allowed to stand at room temperature on a dusted board 
for ten minutes. 

After this period, which corresponds to the overhead proof time 
employed in the commercial bake shop, each piece was molded in a 
conventional commercial molder, placed in a pan, numbered and 
proofed in a proof box at 102°-104°F. (39°-40°C.) and 80% relative 
humidity until the top surface of the dough was H in. above the top 
of the pan. 

The doughs were then placed in an oven and baked at 425 ®F. 
(218®C.) for 25 minutes. Baked loaves were placed on a rack and 
cooled to 100°F. (38°C.) before being doubly wrapped and heat-sealed 
in moisture proof waxed paper. 

The compressimeter used in these studies consisted of a metal 
square, 2.5 in. by 2.5 in. and approximately 0.5 in. thick, which was 
attached rigidly at right angles to a round metal rod graduated in 
tenths of an inch. The combined plate and scale weighed 300 gm. 
In use, the rod was passed through a 2-in. glass tube which acted as a 
guide and on which was etched a reference mark. The instrument was 
adjusted before use by placing a 1-in. block under the metal plate and 
setting the reference mark to coincide with the 1-in. mark on the scale. 

With the aid of a miter box, a slice of bread 1 in. thick was cut from 
the center portion of a loaf. The bottom crust was cut away and with 
the aid of a second miter box a 2-in. square was cut from the center of 
the slice- Any square containing large holes or a core was rejected. 
The sample was placed on a flat surface directly under the compressi¬ 
meter plate and the plate was lowered until its face just touched the 
surface of the crumb. The zero reading representing the crumb thick¬ 
ness was taken from the scale. The compressimeter was released for 
a period of 60 sec., after which a second reading was made. The differ¬ 
ence between the first and second readings corresponds to the decrease 
in crumb thickness. This difference multiplied by 100 and divided by 
the original thickness gave the per cent decrease in thickness of the 
crumb. 

In all determinations of crumb compressibility, bread containing 
0.5% polyoxyethylene monostearate (flour basis), the stearic acid 
ester of polyethylene glycol and hereafter designated as POEMS, was 
compared with bread containing no POEMS but otherwise baked at 
the same time by the same formula from Jhe same flour under the same 
conditions. 



Nov. 1950 B. G CARSON, L F. MARNETT, AND R. W. SELMAN 


441 


Compressibility data taken during a year period on a total of 
179 samples of bread containing POEMS were averaged and the average 
compressibilities al0.7S, 1.75, 2.75, and 3.75 days are shown in Fig. 1. 
Several loaves, each containing a different sample of POEMS, were 
usually compared with a loaf containing a standard sample of POEMS 
and a loaf baked without the addition of POEAIS. In all instances the 
POEMS was used at the 0.5% level. In all instances compressibilities 
were determined on three different days but not necessarily on con¬ 
secutive days. The loaves were stored at room temperature, which, of 
course, varied from summer to winter and, to a lesser degree, from day 
to night. 

All the curves in the literature have assumed the form of an equi¬ 
lateral hyperbola. The curves of Fig. 1 do not represent staling rates 
at any given temperature, but rather the average firming rates for 



bread containing POEMS and bread baked without the adjunct. The 
curve for the control bread has a steeper slope than that for the bread 
containing POEMS. Extrapolation of each curve to zero time indi¬ 
cates that both types of bread have the same initial softness. 

Compressibility tests were also made on bread baked with 0%, 
0.25%, 0.5%, 1.0%, and 2.0% POEMS. All bread was doubly 
wrapped in moisture-proof paper and stored at room temperature, ap¬ 
proximately 70®-74®F. Starting when the loaves had been out of the 
oven four hours, compressibilities were determined at intervals until 
the bread was 115 hours old. 

The crumb recoveries at the 4r-hour period were not good, e.g., the 
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elastic limits had been exceeded. During the first eight hours after 
bread came from the oven, changes in bread firmness took place so 
rapidly that experimental errors in testing were no doubt very high. 
The results represented graphically in Fig. 2 show that the use of 
POEMS definitely changed the firming rate. Bread containing 0.5% 
POEMS had about the same compressibility at 77 hours that control 
bread had at 35 hours. 

Effect of Increased Water on Compressibility, It appeared desirable 
to design experiments which would indicate whether the retarded 
firming of bread containing POEMS is caused by its reaction with the 
starch, thereby preventing water from being bound through hydrogen 



bonding and thus leaving it free to exert a plasticizing effect on the 
crumb. In other words, could the same retarded firming be brought 
about by the use of additional water in the dough, assuming that this 
water is retained in the baked bread? 

Three series of loaves were baked with and without 0.5% POEMS. 
In each series water was increased in 2% increments until the dough 
was baked at an absorption 10% higher (16.6% higher based on water 
content) than the normal absorption. The two Kansas flours series 
baked were designated as A and B series, the Nebraska series as C. 
In the B series the dough at the maximum absorption was too slack to 
mould. Weights were recorded for total ingredients, dough, and baked 
bread. Compressibilities were determined in the manner previously 
indicated at 24, 48, and 72 hours. 
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Table I shows that the total per cent losses of volatile materials 
during fermentation and baking to be constant within one range of 
experimental error. Accordingly, the amount of water left in the 
finished bread is, within the limits of experimental error, roughly pro¬ 
portional to the amount of water added to the dough. 

The compressibilities for the three series were so similar at each 
bread age that they were averaged. The resulting averages, plotted 
in Fig. 3, show that the additional water above the farinograph ab¬ 
sorption retarded the firming process. However, with approximately 
10% extra water, the bread baked without POEMS did not show the 
compressibility of bread containing 0.5% POEMS but with no extra 
water. It appears, therefore, that the mechanism involved when 
POEMS retards the firming of bread is not one involving simply the 
plasticizing effect of water. Also, there is no evidence from Table I 
that POEMS has any effect on moisture losses during baking. 


Changes in Crumbliness as a Measure of Staling 

Katz (10) in 1912 attempted to use crumbliness as a rough measure 
of staleness. He simply rubbed the crumb with his finger and noted 
whether the bread in question was more or less crumbly than that of a 
second loaf. Selman in 1943 (unpublished data) developed a mechan¬ 
ical method for the determination of crumbliness of cakes by the use of 
a standard screen in a shaking device. Bice and Geddes (3) modified 
the method and used it as a measure of the staleness of bread. With 
breads of similar composition, this method gives a fair measure of the 
degree of staleness. 

TABLE I 

Effect of Extra Water on Baking Losses and on Bread Scores 


Poems 

(%) 

Absorption* 

(%) 

Baking Loss (%) 

Score** 

A 

B 

C 

A 

B 

c 

0 

60 

14.9 

■191 

13.1 

G- 

G 

G- 

0 

62 

16.7 

■S^l 

12.4 

G- 

G 

G- 

0 

64 

is.o 

13.8 

11.6 

G- 

G 

G- 

0 

66 

IS.O 

13.0 

12.7 

G- 

G- 

F+ 

0 

68 

16.0 

12.4 

15.2 

F+ 

F+ 

F+ 

0 

70 

14.8 


13,6 

F 

P 

P+ 


60 

15.2 

13-3 


G 

G 

G 


62 

16.9 

15.8 


G 

G 

G~ 

o.s 

64 

15.4 

12,5 


G 

G 

G 

0.5 

66 

17.0 

10.9 


G 

G- 

G- 

o.s 

68 

15.3 

11.8 


G- 

G- 

F 

o.s 

70 

13.9 

16.9 

14.0 

G- 

F4- 

P 


Series C ha4 absorption 0.5% higher than indicated by table. 

Scores are average for three consecutive days. G - Good; F ■■ Fair; P - Poor, 
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With the aid of a miter box, three slices, each 1 in. thick, were cut 
from the center portion of the loaf. Using a second miter box, four 
1-in. cubes were cut from the center of each slice. The twelve 1-in. 
cubes were weighed, placed in a No. 4 standard sieve and shaken in a 
Ro-Tap machine for 30 minutes at room temperature. The “throughs” 
were weighed and crumbliness was calculated as the weight of crumbs 
obtained from 100 gm. of bread. Before determining the criimbliness 
on the third day the remaining wrapped loaves were heated at 200®F. 
(93.3®C). for twenty minutes. Two hours later, crumbliness was 
determined for each of the loaves. 

Figure 4 shows the increase in crumbliness for loaves from five 
doughs containing from 0% to 2.0% POEMS. If the degree of 
crumbliness is taken as a measure of staleness, bread containing 2% 
POEMS is more stale after six hours out of the oven than the control 
bread after 48 hours. Reheating the bread gave, as indicated by the 
dotted lines in Fig. 4, slight changes in crumbliness but did not restore 
the original crumbliness. Three of the five loaves showed an increase 
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Fig 4. Effect of polyoxyethylene monostearate on retardation of crumblmess in bread 

in crumbliness. The crumbliness of the five loaves appeared to in¬ 
crease in approximate proportion to the content of POEMS. The 
results cast, at least, a reasonable doubt on the value of the test as a 
measure of staleness. 

Changes in Crumbliness as a Measure of Tenderness 

All loaves tested in the previous section contained 2% lard. Since 
crumbliness did not appear to be a valid test for staleness, it was thought 
that it might be used as a measure of tenderness. Bread was baked by 
the method indicated earlier except that in one series of loaves, lard was 
used at 0.5%, 1.0%, 1.5%, and 2.0% levels without POEMS. In the 
second series POEMS was used at the corresponding levels without 
lard. Duplicate series were baked for determination of the relative 
crust tenderness by the penetrometer method described below; in these 
series, lard was used at levels up to 3.0% in 0.5% increments. Previ¬ 
ous experiments had indicated that penetrometer tests were least er¬ 
ratic when carried out with bread approximately 44 hours old; so all 
loaves were doubly wrapped and heat-sealed in waxed paper and stored 
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TABLE II 

Relative Crust Toughness op Bread Baked with Lard or Poems 


Lard 

% 

Poems 

Toughness 

Seconds to 

Penetrate 

Crust *• 

0 

0 

38.9 

0 

0.5 

20.1 

0.5 

0 

31.4 

0 


21.0 

1.0 

0 

29.7 

0 


16.8 

2.0 

0 

29.9 

2.5 

0 

29.7 

3.0 

0 

27.3 


> Average oi 6 deteiniinationb 


at room temperature tor 44 hours. Crumbliness was determined as 
indicated in the previous section. 

For the determination of crust tenderness a very simple penetrom¬ 
eter was devised. A spherically tipped aluminum rod 6.25 in. long 
and 0.25 in. thick was attached to an aluminum funnel. A glass tube 
serves as a guide for the rod. An automatic shot loading device op¬ 
erated by an electric motor with a reduction gear was used to load the 



Fig. 5. Effect of hydrophobic additives on tenderness. 
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funnel. Since the shot is added at a constant rate, the time required 
for the crust to be penetrated by the aluminum rod was measured with 
a stop watch and the toughness of the crust recorded in seconds. A 
template was used to insure a uniform placement of punches, three of 
which were made on each side of each loaf. 

The penetrometer readings correlated well with the estimates of 
tour experienced bread judges who were asked to divide six loaves into 
two groups on the basis of crust tenderness. The penetrometer and 
the judges agreed on 22 out of 24 judgments. In a series of loaves in 
which the variables were lard and POEMS the relative toughness de¬ 
termined for each loaf, is shown in Table II. 

To obtain a better conception of the relative effects of POEMS on 
crust toughness and crumb tenderness, the mathematical device of 
expressing these characteristics on a comparable scale was used. The 
equation: tenderness = (46.9 — toughness)/2 gave arbitrary values 
which could be plotted on the same scale. 

The two sets of curves for crust and crumb tenderness as obtained 
above are shown in Fig. 5. Both sets of curves show that the addition 
of 0.25% of POEMS produces bread of approximately the same tender¬ 
ness as the use of 2.0% of lard. 

Changes in Water Absorptive Capacity of Bread 
Crumb as a Measure of Staling 

Farinograph Method, With the advent of the farinograph. Fuller 
(7) suggested that the swelling test devised by Katz (10) be modified 
to make use of the new instrument. Fuller preferred to titrate the 
dough to a definite consistency and to use the absorption thus found 
as an index of staling. Later Bice and Geddes (3) developed a method 
involving the measurement of crumb dough consistency at constant 
water content. Freilich (8) used their method but measured the con¬ 
sistency at a slightly different water content. All agreed that the 
farinograph offered promise as a method of measuring staling but the 
method did not give results comparable to those obtained by compressi- 
metric measurements when applied to breads containing POEMS 
(3, 8). 

Bread from hard winter wheat flour was baked by the standard 
procedure indicated earlier. Half the loaves contained 1% POEMS 
based on the weight of the flour. After being stored overnight in 
doubly-sealed waxed paper, the loaves were decrusted and the crumb 
cut into small cubes about in. to the side. The bread was stored in 
air-tight containers during the testing period. Fifty-gram samples of 
the crumb were placed in the farinograph bowl, the motor started, and 
water added from a pipette until a consistency of 500 Brabender units 
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was obtained for the control bread. For the control bread 20.3 ml. of 
water were required. Three determinations were made each day, 
using the same quantities of crumb and 20.3 ml. of water; one deter¬ 
mination for the control bread, one for bread containing 1% POEMS, 
and one for the control bread to which the same quantity of POEMS 
was added in the farinograph. 

The results in Fig. 6 show that for bread at any age, POEMS de¬ 
creased the consistency of the crumb-dough at constant water content. 
POEMS added in the farinograph had the same effect as POEMS 
baked in the bread. 

TABLE III 

The Relationship of Polyoxyethylene Monostearate to the Staling 
OF Bread as Measured by the Swelling Power Test 


Swelling Power: Weight of Sediment per Gram of Crumb 


Day 

0% poems 

,25% POEMS 

0.5% POEMS 

1.0% POEMS 

2.0% POEMS 

1st 

3.5 

3.5 

3.4 

3.4 

3.2 

2nd 

3.5 

3.1 

2.9 

2.9 

2.9 

3rd 

3.9 

3.0 

3.4 

3.1 

2.8 

4th 

4.4 

3.3 

3.5 

3.1 

2.7 
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Swelling Power Test (Katz Method). Crumb swelling power was 
determined as described in Cereal Laboratory Methods, 5th Edition 
(S), except that the specified 25 gm. sample was reduced to 10 gm. to 
facilitate the subsequent determination of soluble starch in the de- 
cantate. The amount of water was proportionately reduced. 

The results were most erratic (Table III). The control bread 
actually increased in swelling power with age while that containing 
POEMS remained essentially the same. 

Changes in Soluble Starch Content as a Measure of Staling 

According to Katz (10), most of the changes in soluble starch take 
place during the first eight to ten hours after the bread is removed from 
the oven. From a practical viewpoint this reduces the test to one of 
academic interest only, since no housewife receives commercial bread 
less than ten hours old. 

TABLE IV 

The Relationship of Polyoxyethylene Monostearate to the 
Staling of Bread as Determined by Soluble Starch 


Day 

Per Cent Soluble Starch 

0% POEMS 

0 25% POEMS 

0 5% POEMS 

1 0% POEMS 

2 0% POEMS 

1st 

4.5 

4.9 

4.2 

4.3 

4.6 

2nd 

4.2 

4.0 

4.1 

4.2 

4.1 

3rd 

3.4 

4.1 

3.9 

3.3 

4.1 

4th 

3.6 

4.0 

4.0 

3.7 

3.8 


Bread was baked containing 0%, 0.25%, 0.5%, 1.0%, and 2.0% 
POEMS and soluble starch in the crumb determined at one-day in¬ 
tervals for four days by the method of Katz (10). The data are re¬ 
corded in Table IV and are so erratic that no conclusions can be drawn 
regarding the effects of POEMS on the rate of staling. 

Effect of POEMS on Wetting Rates of Bread Crumb 

Loaves were baked containing 0%, 0.5%, 5.0% POEMS and 1.0% 
sodium lauryl sulfate based on the weight of flour. The sodium 
lauryl sulfate used was desalted before being incorporated into the 
dough. The breads were air-dried and ground under the same condi¬ 
tions to pass a 20-mesh screen. 

The wetting-rate test was a modification of the one used for textiles. 
A weighed sample (usually 5 gm. except as otherwise indicated in 
Table V) of the ground bread was poured through a wide-mouthed 
funnel onto the surface of* 450 ml. of distilled water in a 500-ml. 
graduated cylinder, and the time required for the material to sink was 
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TABLE V 

Relative Wetting Times of Dry Ground Bread With 
AND Without Adjuncts 


Adjunct 

Seconds for Sample To Sink 

Average 

1 

2 

3 

4 

5 

None 

185 

171 

140.2* 

176.8 


177.6 

5.0% POEMS 

214 

205 

195 

225 


210 

None** 

201.2 





201.2 

5.0% POEMS** 

696.8 





696.8 

0.5% sod. lauryl sulfate 

55.0 

62.0 

72.8 

51.8 

45.2 

51.2 

1.0% sod. lauryl sulfate 

30.2 

40.8 

55.4 

32.2 

49.6 

41.6 


Not included in a\erafl:f. 
10-gram samples. 


measured with a stop watch. The instant at which the last particle of 
bread lost its opaque appearance was taken as the endpoint. 

Table V shows that the wetting time of bread was inversely propor¬ 
tional to the amount of sodium lauryl sulfate added, but directly pro¬ 
portional to the amount of POEMS present. Bread containing no 
adjunct took longer to wet than bread containing sodium lauryl sulfate, 
but bread containing POEMS took longer to wet than the control 
bread. The results indicate that, unlike sodium lauryl sulfate which 
makes bread more hydrophilic and speeds up the wetting rate, POEMS 
makes bread less hydrophilic and retards the wetting rate. 

Discussion 

It appears that POEMS does not prevent staling; it merely retards 
the process. This retardation of staling may be caused by POEMS 
precipitating amylose which is present in a free condition in the bread. 
But combined with the precipitation, and probably of much more im¬ 
portance, is the action of POEMS on the starch granules themselves. 
POEMS appears to combine, probably by hydrogen bonding with 
alcoholic groups protruding from the starch granule, with the granules 
themselves. This addition of a hydrophobic moiety hinders to some 
extent the forces which cause alignment and hydrogen bonding of starch 
chains with each other and the subsequent hardness which develops 
when bread stales. This interference retards the staling process but 
does not stop it. 

If this mechanism of the action of starch is acceptable, and no other 
mechanism appears at this time to explain the laboratory findings, it 
appears reasonable that those staling tests which depend on the action 
of water at or near room temperature cannot be expected to give normal 
indications. Of all the traditional tests for staling, only those involv- 
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ing the measurement of compressibility and crumbliness appear to give 
results which can be interpreted as indicating the degree of bread 
staling, and crumbliness appears to be a better measure of tenderness 
than of bread age. 
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AN AUTOMATIC ELECTRICAL RECORDING 
PRESSUREMETER ^ 

Sutton Redfern® 

The pressure of the gas produced during fermentation in a sealed vessel 
is automatically recorded by a 12 point strip chart Brown Electronik potenti¬ 
ometer. Pressure is measured with a Sta^am Pressure Transmitter which 
translates pressure into a voltage linearly proportional to the pressure. The 
potentiometer is calibrated directly in millimeters of mercury and can record 
a total pressure range of 0-600 mm. Twelve separate pressures may be re¬ 
corded simultaneously. The various components of the apparatus, recorder, 
pressure transmitters, power supply, pressure vessels, pulley box, and water 
bath are described. 

Many papers, reviewed by Elion (6), have been published dealing 
with the measurement of gas production in fermenting dough. Two 

1 Manuscript received April 26, 1950. ^ Pw^ted at the annual mee^. May, 1948. 

*The Flejsoimann Labmtones, Standattf Bra^s Inc., New York, N. y. 
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methods are generally used to measure the amount of gas produced: the 
volumetric method as described by Bailey and Johnson (1) and the 
manometric method originated by Blish, Sandstedt, and Astleford (3), 
from whose work was developed the well known pressuremeter of 
Sandstedt and Blish (14) which is so widely used today. Both of these 
methods are usually manually operated, i.e., the operator takes read¬ 
ings every hour or even oftener. Few automatic recording types of 
equipment have been constructed, and of those that have been offered 
commerically only a very limited number are in use in this country'. 

Markley and Bailey (12) described a recording fermentometer in 
which air displaced by the expanding dough displaces water in a bell 
jar. This displaced water is discharged into a cylinder equipped with 
a float and stylus. The height of the stylus, which is proportional to 
the volume of displaced air, is recorded on a conventional kymograph 
chart. 

Working and Swanson (17) constructed a simple recording pres¬ 
suremeter in which the pressure of the gas produced during fermentation 
actuates a stylus floating in a mercury manometer. The height of the 
stylus, which is proportional to the pressure, is automatically recorded 
by electric sparks which burn holes in a chart fastened to a kymograph 
drum. 

At least three devices for recording gas production have been 
offered commerically. These are the fermentograph of Brabender (2), 
the Chefaro balance described by Elion (5), and the S.I.A. Fermenta¬ 
tion Recorder (9). In the Fermentograph a rubber balloon containing 
the fermenting dough is suspended from a recording balance in water. 
As the balloon expands it becomes more buoyant and the rise is re¬ 
corded by the balance. Although very attractive in principle, Schmalz 
and Sullivan (IS) showed that the error due to diffusion of carbon di¬ 
oxide through the rubber balloon was too large to be neglected. The 
Chefaro balance is similar in principle to the Fermentograph but places 
the dough under an open bell jar. The S.I.A. apparatus, which is 
similar to the Benedict-Roth (7) spirometer, measures the volume of 
fermentation gas with a floating gasometer bell. As far as is known, 
the Fermentograph is the only one of these instruments available 
today. 

The instruments so far mentioned can be classed as integrating 
instruments in that the total amount of gas is recorded. For some 
purposes the instantaneous rate of gas production is very important. 
A number of investigators (4,16) have determined average rates by 
measuring the increment of gas produced during successive intervals 
of time where this interval has been a^ small as five minutes. These 
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data can of course be obtained from any of the integrating types of 
instruments. 

Miller, Exigar, and Whiteside (13) constructed an instrument which 
automatically recorded the pressure produced during every successive 
ten minute interval. Landis and Frey (10) used a sensitive optical 
type differential recording manometer to measure the instantaneous 
rate of fermentation. Earlier, James and Huber (8) made similar 
instantaneous measurements by allowing the water displaced from a 
tank by the fermentation gas to flow through an orifice under gravity. 
The height of water above the orifice was proportional, although not 
linearly, to the rate of gas production and the height was recorded by a 
stylus floating in the water. 

The development during recent years of improved recording potenti¬ 
ometers, electrical pressure transmitters, and power supplies have made 
it possible to construct the automatic electrical recording pressure- 
meter described in this paper. This recording pressuremeter can be 
assembled from readily available standardized components. Such an 
instrument should make it possible to examine more exactly the entire 
course of yeast fermentation in dough. 

Materials and Methods 

General. A general view of all components except the power supply 
is shown in Fig. 1. The pressure of the gas produced during fermenta¬ 
tion by a piece of dough in special sealed cups is automatically recorded 
by the 12-point strip chart Brown Electronik potentiometer shown on 
the left. The potentiometer is calibrated directly in millimeters of 
mercury and can record a total pressure range of 0 to 600 mm. Pres- 



Fig, 1 General \f5w of i ©cording presburcmetex 
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sure is measured with a Statham pressure transmitter which converts 
pressure into a voltage linearly proportional to the pressure. A pres¬ 
sure transmitter mounted on its cup in place in the water bath is shown 
in the center of Fig. 1. On the right is the so-called pulley box. This 
contains the necessary wiring for connecting each pressure transmitter 
to the potentiometer and to the power supply and the zero adjustment 
and calibrating resistors. The pulley box is connected to the potenti¬ 
ometer with a 30-wire cable. The voltmeter mounted over the 
potentiometer indicates the voltage of the power supply. 

Statham Pressure Transmitter, The heart of the pressuremeter is 
the Statham pressure transmitter shown mounted on a pressure cup in 
Fig. 2. The pressure to be measured is applied through the bottom 
opening to a relatively slack metal bellows and the resulting displace¬ 
ment of the bellows is measured with a Statham unbonded resistance 
wire strain gage transducer element. Of the various models of pres¬ 
sure transmitters available, Model P6-12D-250 was chosen as most 
suitable. This transmitter is designed to measure 12 lb. maximum 
pressure and has a nominal electrical resistance of 250 Q. The output 
is approximately 36 mv. with an input voltage of 12 v. 

Pressure Cup, Special pressure cups, 2J^" X 4Via", approxi¬ 
mately 300 cc. in volume, were constructed of stainless steel. This cup, 
shown in Fig. 2, is patterned after the small De Vilbiss paint spray cup 
used by Malloch (12). The cup body is made from 23^", 16 gauge 
(approximately 1/16'0» stainless steel sanitary tubing. This tubing 
comes already polished so that it needs no further finishing. The 
bottom and the ring at the top were induction soldered to the tubing 
with silver solder. The extra ring at the top was added to give in¬ 
creased gasketing surface. The cover is turned from solid bar stock 
in the form of a frustrum of a cone. A 3/32" thick soft rubber gasket 
is cemented in the annular space on the bottom of the cover. The 
screw is made from 1)^" hexagon stock. The stem, turned from 1" 
round bar stock, has a tapered pipe thread at the top for connection 
to the pressure transmitter and a 7/16-20 thread at the bottom which is 
soft soldered to the cover. In the future it is planned to eliminate 
soldering by using pipe threads for both threads. The yoke is 
specially cast from phosphor bronze. The release valve is a Hoke 
blunt point baby valve. 

This pressure cup design has proved very satisfactory. No trouble 
from leaks or corrosion has occurred, and the cover can be easily 
tightened without using a special holding stand and wrench. The 
entire assembly may be tested for leaks by attaching a hose connection 
to the valve, adding 10 to 12 lb. air pressure, and immersing the whole 
in water. The most minute leak can be readily detected. 
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Recording Potentiometer. The output from each pressure transmitter 
is recorded on a Brown Electronik strip chart potentiometer (series 
153 X 65, fast speed, synchro-printing, 12 record). This model prints 
12 multi-colored records by means of a print wheel. Each record con¬ 
sists of one of six different colored numbers and plus signs, each plus 
sign (+) representing the exact pressure and time coordinate. Chart 
speeds of 1, 2, 3, and 4 inches per hour are obtainable with the change 



Fic, 2, Pressure cup and Statham Pressure Transmitter. 


gears furnished, although 4" per hour is used for fermentation times 
lasting 4 to 6 hours. The scale has a calibrated length of 11" and is 
evenly graduated 0 to 60 equal to 0 to 600 mm. of mercury pressure. 

The actual electrical span is 25 rav., which was deliberately chosen 
smaller than the maximum output ayailable from the pressure trans¬ 
mitters, This makes it possible to use transmitters of varying sensi¬ 
tivity as it is very difficult for^the manufacturer to exactly predeter- 
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mine the output of individual pressure transmitters. Matching of the 
transmitter output to the recorder is described under the heading of 
calibration. 

It was found necessary to connect a one microfarad paper capacitor 
from the positive terminal in the recorder to ground in order to by-pass 
a stray alternating current component picked up by the pressure trans¬ 
mitters or their connecting wires from the Nobatron power supply. 

The recording potentiometer contains an integral commutator 
switch which connects each pressure transmitter in sequence. The 
connections from the switch terminal block in the instrument are all 
brought to terminal strips placed below the voltmeter, and which in 
turn are connected to a Type K, 34-wire Cannon connector mounted on 
the back of the potentiometer mounting frame. 

Power Supply. A Model E-12-5 Nobatron made by the Sorensen 
Company, is used to supply constant voltage direct current for the in¬ 
put to each pressure transmitter. The Nobatron which is electroni¬ 
cally controlled will supply 5 amp. at 12 v. with a variation in output 
voltage of less than 0.5%, even when the line voltage varies from 95 to 
125 v., and the load varies from 2.5 to 5 amp. Since 12 pressure trans¬ 
mitters will require not more than 1 amp., a 5 12., 50 w., bleeder resistor 
is shunted permanently across the output of the Nobatron to insure a 
minimum load of 2.5 amp. and bring the load within the range of best 
regulation. The output voltage may be varied over a limited range 
of 12 db 10% V. but is maintained constant at 12 v. as measured by the 
voltmeter mounted over the potentiometer (Fig. 1). 

The Nobatron was mounted as far away from the pressure trans¬ 
mitters as possible in order to minimize pickup of stray currents from 
the strong magnetic fields surrounding it. 

Pulley Box. All wiring and controls for operation of the pressure 
transmitters are consolidated in the pulley box shown on the right in 
Fig. 1. The wiring although simple in principle is complex in that 
there is a lot of it. Moreover, some ready means must be used to 
quickly connect the pressure transmitters at varying distances from the 
pulley box without permitting the connectors to fall into the water 
bath. This entire problem was solved by modeling the pulley box after 
a telephone switchboard. 

The wiring connections necessary for each pressure transmitter are 
shown diagrammatically in Fig. 3. Terminals 1,2, 3, and 4, are num¬ 
bered to correspond to the terminals of the Wheatstone bridge circuit 
in the pressure transmitter. Terminals 2 and 3 are connected per¬ 
manently to terminal strips. Terminals 4 and 5 are connected to bus 
bars which in turn are connected respectively to the positive and 
negative sides of the power supply. Resistor Rb is a 200 wire wound 
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rheostat used for calibration of each pressure transmitter. The zero 
point is adjusted with resistor Ri which has a total resistance of 30,000 
and consists of a 10,000 2 wire-wound potentiometer in series with 
two 10,000 Q fixed resistors, one on each side. Resistor Ri is 15,00012. 
5 is a single-pole, single-throw toggle switch used to short terminals 
2 and 3. Without this switch the recorder would be connected to an 
open circuit when the pressure transmitter is not in use. Under this 
condition the recorder drifts and may print any place on the chart. 
The shorting switch is, of course, opened when the pressure transmitter 
is connected. Each pair of output wires and the two wires to the volt¬ 
meter are cabled together and soldered permanently to a 34-wire 



Fig. 3. Electrical wiring diagram used in pulley box for each pressure transmitter. 


Cannon connector mounted on the side of the pulley box. The pulley 
box is connected to the recorder with a 30-wire cable and Cannon con¬ 
nectors. 'I'his allows the pulley box and recorder to be permanently 
wired and still be at any distance from each other. 

Referring now to Fig. 4 which shows the interior of the pulley box, 
the type K Cannon connectors which connect to corresponding mating 
connectors on the pressure transmitters are on the top. The con¬ 
nectors lock together with a screw collar. The 4-wire, 16 gauge, 
rubber-covered cable attached to each connector is clamped at the 
other end, and hangs in a loop from the center of which is suspended a 
1 lb. lead weight attached to a freely movable pulley. The cable loop 
is long enough so that the cable may be extended about 40" from the 
box. There is very little chance of dropping the connector in the water 
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Fig 4 Iiit<nio* view of puUty bo\ 


bath as the weighted pulley draws it back into the box whenever it is 
released. 

The terminal strips, bus bars, zero adjustment, calibrating resistors, 
and shorting switches are readily identified in Fig. 4. The shaft of the 
calibrating resistor is slotted which allows it to be adjusted only with a 
screwdriver which prevents it from being accidentally turned. 

The entire wiring arrangement proved to be very flexible since a 
number of variations and additions were made directly to the terminal 
strips without disturbing existing wires. It is planned eventually to 
mount each shortmg switch convenienfly adjacent to its respective 
Cannon coimector on the top of the pulley box. 
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Water Bath, The pressuremeters are immersed in a conventional 
thermostatically controlled water bath (Fig. 1) containing a 12 place 
rack. The holes in the rack are diagonally arranged so that the wires 
to the pulley box are separated. 

Calibration of Pressure Transmitterh. Although the pressure trans¬ 
mitters are tactory calibrated, the output of different transmitters can¬ 
not be made to give exactly the same output voltage for the same pres¬ 
sure. The input voltage must be adjusted until the pressure indicated 
on the potentiometer equals the pressure measured with a mercury 
manometer. This is done by attaching each pressure transmitter and 
cover to the calibration unit shown in Fig. 5 made from a Sandstedt- 



Kio. 5. Apparatus u'-ed for calibratmg pressure transmitters. 
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Blish manometer pressuremeter. Air pressure is applied through the 
Hoke valve and the calibrating resistor adjusted until the pressure read 
on the potentiometer equals the pressure read on the manometer. A 
calibrating pressure nearly equal to full scale is used and the calibration 
is repeated until one is certain that the calibration is correct. 

Operation of Pressuremeter. The sequence of operations in the use 
of the pressuremeter is as follows: The Nobatron is turned on 10 to 15 
minutes before use in order to let it warm up and develop a stable out¬ 
put and the output is adjusted to 12 v. The Brown Electronik potenti¬ 
ometer should be operated according to the directions of the manu¬ 
facturer. The power supply is best left on continuously since this 
procedure is stated to give longer tube life. The wiring of the potenti¬ 
ometer should be fixed so that it will continously indicate even when 
the chart drive switch is turned off. 

After each pressure transmitter is connected to the pulley box, it 
requires about a five minute warm-up period before the output becomes 
steady. This is particularly noticed with the zero setting and one 
should not be in haste to make any changes in the zero adjustment 
until the warm-up period is over. When five minutes or more has 
elapsed, the output with no pressure applied to the transmitter is set to 
zero with the adjusting resistor. There are slight daily zero shifts of 
about ±2 mm., and for the highest accuracy the zero should be ad¬ 
justed each day. The amount that the resistor must be moved is 
readily correlated with the amount of zero shift. 

To measure fermentation pressure, a suitable sized dough aliquot, 
which may vary from 25 to SO gm. is placed in the cup, or alternately 
the dough may be mixed in the cup and the cover affixed tightly with 
the valve open. The cup is then immersed in the water bath, the 
pressure transmitter connected to its corresponding Cannon connector, 
and the shorting switch opened. After at least five minutes have 
elapsed, the zero point is adjusted and the valve closed exactly ten 
minutes from start of mixing. 

The potentiometer chart is positioned so that the first point prints 
on one of the principal time lines. Successive doughs can be started 
as close as five minute intervals. 

Restilts 

Relation of Response to Pressure. According to the manufacturer, 
the pressure transmitters exhibit a linear relationship between applied 
pressure and electrical output with an error of less than one per cent of 
full range from hysteresis and creep. The linearity of response was 
tested by attaching one of the pressure transmitters to the calibration 
unit and comparing pressures measured on the manometer with the 



Nov., 1950 


SUTTON REDFERN 


461 


TABLE I 

Response of Pressure Transmitter 


Potentiofneter 

mm. 

Pressure 

Manometer 

mm. 

0 


0.0 

51 


51.5 

100 


101.0 

150 


151.0 

200 


201.5 

250 


251.5 

300 


301.0 

350 


351.5 




450 


449.0 

500 


499.0 

550 


548.0 

599 


597.0 


pressures indicated on the potentiometer. The data, shown in Table I 
deviate only slightly from a linear relationship. In general, the per¬ 
formance of the pressure transmitters has been better than the stated 
1 %, probably because they are used essentially for measurement of 
static pressures. The pressure changes are relatively slow and each 
transducer element is essentially always in a state of equilibrium, which 
reduces any hysteresis or creep effects. 

The pressuremeter may be used for any method for which the 
manually operated pressuremeters have been used. Typical curves 
obtained for doughs containing 3% yeast, no salt, and 0,1, 2, 3, and 
5% sugar arc shown in Fig. 6. The transference from sucrose fermen- 
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tation to maltose fermentation is clearly shown by the inflection points 
in the curves from doughs containing none, 1 and 2% sugar. With 
5% sugar, the inflection point has disappeared. Differentiating the 
pressure time curves would show this condition more emphatically, 
but it is believed that these are the first curves which show this transi¬ 
tion so clearly. 

Some idea of the replicability of the recording pressuremeter is 
shown by Table II. These are the hourly rates and total pressure of 
six aliquots of the same dough. Zero time is taken as % hour after 
mixing. The reason for choosing this starting time is because although 
all the cups were placed in the water baths simultaneously, recording 
was started at successive five minute intervals in order to separate the 
curves. The initial portion of most of the curves is thereby missed. 


TABLE II 

Replicability of Pressuremeter Readings 
(Six 25 gm. aliquots from same dough) 


Hour 

Pre^mre 

Range 

mm. 

Average 

mm. 

1 

86-88 

87 

2 

115-117 

116 

3 

118-120 

119 

4 

108-110 

309 

5 

99-100 

100 

Total 

527-532 

530 


This new recording pressuremeter has not been in operation long 
enough to have explored its many uses and possibilities. It may 
eventually be used for directly recording actual fermentation rates 
with a suitable pressure transmitter. 
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WET MILLING OF GRAIN SORGHUM 


R. L. ZiPF, R. A. Anderson, and R. L. Slotter "^ 


ABSTRACT 

Studies on the recovery of starch, gluten, and oil from grain sorghum 
showed that this grain could be processed satisfactorily by methods similar 
to those employed industrially for the wet milling of com. Optimum separa¬ 
tions of starch and gluten were obtained when grain sorghum was steeped 
at 110® to 120®F. for 24 hours or longer, in a solution of 0.2 to 0.25% sulfur 
dioxide in water. To produce sot^hum starch of comparatively low protein 
content (0.35 to 0.7%) it was necessary to increase the pitch of the starch 
table over that used for wet milling com. 

Some varieties of grain sorghums have a highly pigmented layer. When 
this layer was removed by pearling, a whiter starch could be produced than 
from the whole sorghum grain. The hull fraction contained a camauba-like 
wax, small amounts of which were recovered by solvent extraction with 
hexane. 

Samples of grain sorghums of two varieties that had been harvested at 
three moisture levels and dried with air at temperatures of 125®, 150®, 17.5®, 
and 200®F. were wet milled to determine the effect of such artificial drying on 
the milling characteristics of the grain. It was concluded that no damage 
detrimental to wet-milling operations occurs when grain sorghum is artifici¬ 
ally dried, provided the grain is not dried to less than 11 to 13% moisture. 


The grain sorghums are important economically to the semi-arid 
regions of this country since they will thrive and produce both grain 
and forage under conditions that cause other crops to fail. In recent 
years the production of sorghum grains has increased tremendously 


»Manuscript received June 14, 1950. Presented by R. L. Zipf at the 35th Annual Meeting of 
tlie American Association of Cereal Chemists, May, 1950. 

»ContributtoS^Northem Regional ReseaJeh Uboratory, Peoria. lUinois. One of the labora^M 
of the Bureau of Agricultural and Industt^ Chemistry, Agricultural Research Administration, U. S. 
Department of Agriculture. 

* Present addiees, Archer-Daniels-Midland Company. Minneapolis, Minn. 
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TABLE I 

Constituents or Corn and Grain Sorghum 


Corn Sorghum 


Starch % d b. 

70 6 

69.5 

Protein % d.b. 

10 2 

13.0 

Oil % d.b. 

4.3 

3.6 

Ash % d.b. 

1.6 

1.9 

Germ % d.b. 

11.1 

10.5 

Bran % d b. 

6.5 

6.3 


and industrial utilization of the crop has been encouraged by the de¬ 
velopment of varieties which can be harvested with combines. Before 
1943 (5) almost all of the sorghum grain and forage produced was con¬ 
sumed on the farm. Only a small quantity of the grain was used for 
food or in industry. During the war, the shortage of corn forced pro¬ 
ducers of alcohol and starch to utilize grain sorghums. It was found 
that the grain could be processed much like corn. Since the end of 
war, a large plant has been erected in Texas to wet mill grain sorghums 
lor the production of starch, glucose s>TUp, and dextrose (6). 




Fxg. 1. Gram bearing structures of cozi^ and grain sorghums. 
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Grain sorghum is a comparatively new industrial crop and a stand¬ 
ard procedure for wet milling the grain has not been established. The 
industrial facilities for the wet milling of corn are extensive, however, 
and considerable information on the methods employed has been ac¬ 
cumulated (2). Hence, it was logical that a procedure for wet milling 
grain sorghum be an adaptation of that used for corn. As shown in 
Table I, grain sorghum is similar in composition to corn, although in 
appearance it is quite different (Fig. 1). The present study was con¬ 
ducted to determine the suitability of the standard wet milling process 
for use with grain sorghum, and to ascertain the effect of variations in 
processing conditions on the quality and yield of products obtained 
from grain sorghum. 

A subsequent investigation was conducted in which samples of 
artificially dried grain sorghums were wet milled to determine the effect 
of such drying on the milling characteristics of the grains. The work 
was conducted on samples of dried grains prepared and supplied by the 
Corn Products Refining Company, and the Texas Agricultural Experi¬ 
ment Station, College City, Texas. The results obtained by both the 
Texas group and the Northern Laboratory have been published (10) 
but a brief account of the wet-milling experiments is included in this 
report. 

Procedure 

The general process utilized in the laboratory for the wet milling of 
grain sorghums is shown in Fig. 2. The procedure is approximately 
the same as the industrial process for the wet milling of corn, and with 
modifications it can be used to wet mill wheat (9). 

A 4-lb. sample of grain is steeped with 2,800 ml. of distilled water 
containing sulfur dioxide. The operation is conducted in the equip¬ 
ment shown ill Fig. 3, Cirain is charged into the insulated bottle and 
covered with the dilute sulfurous acid which is prepared by bubbling 
gaseous sulfur dioxide into distilled water. The steeping agent is 
pumped continuously from the bottle through a screened opening to 
an oil bath from which it is returned to the bottle. The oil bath is 
equipped with a 1,500 watt heater and thermostat, and serves to main¬ 
tain the circulating liquor at a constant temperature during steeping. 
Industrial steeping of corn is conducted in a countercurrent multiple 
contact system for about 42 hours. An important difference between 
the two methods is that little if any lactic acid is formed during the 
laboratory steeping. However, laboratory experiments with corn have 
have shown that starch yields comparable to those of industry are ob¬ 
tained by steeping the grain batchwise for 24 hours. 

After the grain is steeped, the water is drained off, measured, and 
analyzed. The steeped gram is ground in a Quaker City drug mill, 
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Fig. 2 . Flowsheet tor the wet milling of grain. 


Fig. 4, to free the genn and hull from the rest of the kernel. To facili¬ 
tate floating the germs from the 4 lb. of ground grain, 200 gm. of starch 
is added to the slurry, the specific gravity of which is adjusted with addi¬ 
tional water to 7 to 7.5® B6. at a temperature of 80® F. The germ ma¬ 
terial, containing a small proportion of crushed germs, is wasln'd by 
hand on a 0.039-in. perforated copper screen measuring aboul 14 in. 


THERMOMETER 
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square. The germs and 1 1. of water are mixed before each of three 
washes. 

The slurry from which the germ has been removed is screened and 
the material retained on the sieve is ground again with a closer setting 
on the mill in order to free more starch from gritty or unbroken parti¬ 
cles. Coarse fiber is removed from the ground mass by screening it 
through a 0.039-in. perforated copper sieve. The coarse fibers are 
washed with three 1-1. portions of water. The screened slurry is 
combined with the germ washings and fiber washings and the resultant 
liquor is screened on a 200-mesh stainless steel sieve, to remove the 



Fig. 4. Mill in which steeped grain is ground. 


fine fiber, which is then washed. The final slurry containing the starch 
and gluten is settled for about 2 hours and excess water is decanted. 
The specific gravity of the liquor is adjusted to 6® B6. at 100®F. before 
it is passed to the starch table. The head of the table, the mill-starch 
tank with accessories, and a constant-head device are shown in Fig. 5. 
This table, the pitch of which may be varied, is 4 in. wide and 20 ft. 
long. The starch that settles on the table is resuspended in water and 
filtered, using a Buechner funnel. The gluten is recovered from the 
table overflow by allowing it to settle overnight, syphoning off the 
supernatant water, and themfiltering the settled gluten. All decanted 
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water and filtrates are combined, measured, and analyzed. The germs, 
coarse fiber, fine fiber, starch, and gluten are put on separate stainless 
steel trays and dried overnight at a temperature of 120®F. in a Proctor 
and Schwartz shelf oven. 

Analytical Methods. Kjedahl nitrogen in the various products was 
determined by the Kjeldahl-Gunning-Arnold method (1). Protein 
was calculated by means of the formula N X 6.25. Starch was deter¬ 
mined polarimetricallv by the procedure of Earle and Milner (4). The 



Tig S Laboratory starch table and appurtenances 


viscosity of starch was measured according to the Scott method tor hot 
paste viscosity (7) which is a special test used by the wet millers to 
evaluate their product. To determine moisture, samples were dried 
for 4 hours at 110®C. under a vacuum of 28 in. of mercury. The sulfur 
dioxide content of the steep water was ascertained by titration with a 
potassium iodide-iodine solution using starch as an indicator. In this 
paper concentration of sulfur dioxide is reported as per cent, equivalent 
to grams of gas per 100 ml. of solution. 
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Experiments and Results 

The Effect of Concentration of Sulfur Dioxide in Steepwater, In this 
and subsequent experiments the same sample of Martin Variety of 
grain sorghum was used unless otherwise noted. Several experiments 
were conducted to determine the effect of concentration of sulfur di¬ 
oxide in steepwater on the wet milling of grain sorghum. It is known 
that excessive concentrations of sulfur dioxide have a detrimental 
effect on cornstarch (3), and cause drastic changes in root starches. 
Insufficient sulfur dioxide in steepwater usually results in lower starch 
yields. Only the sulfur dioxide content of the steepwater was varied in 
these experiments. In all runs the grain was steeped for 65 hours at 
118°F. The data procured in these tests are given in Table 11. 

When the steepwater contained less than 0.20% sulfur dioxide, poor 
germ separation was obtained. Very few germs floated and the fiber 
content of the germ fraction was high. Germ separation was satisfac¬ 
tory with 0.20% and 0.25% sulfur dioxide in the steepwater. 


TABLE 11 

Effect of Concentration of Sulfur Dioxide in Steepwater 
ON Wet Milling of Grain Sorghum 


SOa in 
Steepwater! 

Starch 

Recovered, 

d.b. 

Protein in 
Starch, d.b. 

Protein in 

1 Gluten, d.b. 

Starch in 
Gluten, d.b. 

Protein in 
Steepwater 
Solids 

Viscosity of 
Starch, Scott 

% 

% 

% 

% 

% 

% 

sec. 

0.10 

74.2 

0.89 

39.4 

45.3 

1.61 

127 

0.15 

71.4 

0.73 

40.3 

46.2 

1.64 

117 

0.20 

74.1 

0.98 

37.9 

S 3.0 

1.77 

113 

0.25 

75.5 

0.62 

40.5 

47.9 

1.80 

118 


1 « Rin./lOO ml. 


Varying the sulfur dioxide content of steepwater between 0.10 and 
0.25% had no significant cfiTect on the starch recovery, the protein 
content of the recovered starch, protein and starch contents of the 
gluten, or the viscosity of the starch. A slight increase in the protein 
content of the steepwater was obtained at the higher concentrations of 
sulfur dioxide. Since no detrimental effects were caused by 0.25% 
sulfur dioxide, all subsequent work was conducted with steepwater 
containing this quantity of the gas. 

Temperature of Steeping. All samples of grain were wet milled in 
the regular manner but steeping temperatures of 110®, 120®, 130 , 
140®, and 150®F. were used. In all cases the grain was steeped for 65 
hours with water which contained 0.25% sulfur dioxide. The results 
of the experiments are given in Table III. 
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The temperature of steeping had an outstanding effect on the ta¬ 
bling operation. As the temperature was increased, the starch recovery, 
the viscosity of the starch, and the protein content of the gluten were 
reduced, and the starch content of the gluten increased. The quality 
of both the starch and gluten were impaired drastically at the high 
steeping temperatures. However, microscopic examination of the 
starch revealed that gelatinization as indicated by loss of birefringence 
of the granules, had not occurred at any of the temperatures. This was 
as expected since sorghum starch begins to gelatinize at about 158®F. 

Since the starch was not damaged appreciably when the grain was 
steeped at 120®F., it was concluded that grain sorghum should be 
steeped at a temperature of 110®-120°F. with water containing 0.25% 
sulfur dioxide. 

TABLE III 

Effect of Steeping Temperature on thf. Wei 
Milling of Grain Sorghum 


Steep Temp. 

Starch 

Recovered, 

d.b. 

Protein in 
Starch, d.b. 

Protein in 
Gluten, d.b. 

Staich in 
Gluten, d.b. 

Protein m 
Steepwater 
Solids 

Viscosity ot 
Starch, Scott 

«F. 

% 

■KHHH 

% 

% 

mKum 


110 

78.4 


49.6 

33.8 


115 

120 

72.4 


37.6 



105 

130 

69.6 


41.3 

46.4 


86 

140 

59.0 


34.2 

55.8 

1.31 

71 

150 

59,0 

0.79 

24.5 

67.2 

1.30 

55 


Time of Steeping. In the wet milling of com on a laboratory scale, 
it had been determined that a steeping period of 24 hours was adequate 
when the operation was conducted batchwise. Several lots of grain 
sorghum were steeped for 24 and 71 hours and the grain then milled. 
It was found that the quality and recovery of starch, gluten, and germs 
were not improved by the longer period of steeping. As with corn, 
batchwise steeping for 24 hours in the laboratory method is satisfactory 
for the wet milling of grain sorghum. 

Pitch of Starch Table. In the previous experiments sorghum mill 
starch was tabled under conditions which had been found to be satis¬ 
factory for the separation of cornstarch and gluten. The starch table 
was inclined at a pitch of in. per 20 ft. of length which is the pitch 
used industrially by several processors of com. When com was wet 
milled in the laboratory equipment with the table set at this pitch, a 
good recovery of starch was obtained and the protein content of the 
starch was low, 0.30 to 0.40% (d.b.). In the ejqTeriments with grain 
sorghum it was noted that tabling was poor in some cases; the settled 
starch contmned numerous pockets of gluten and the protein content 
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of the recovered starch was high, 0.7-1.0% (d.b.). In an attempt to 
improve the quality of the sorghum starch a few exploratory runs were 
made in which the sorghum mill starch was tabled with the unit set at 
a pitch of in. per 20 ft. The results were encouraging and a series 
of experiments was conducted to investigate the effect of this variable. 

The grain was steeped for 24 hours at a temperature of 118°F. in 
water containing 0,25% sulfur dioxide. In order to expedite the tests 
the recovery of germs by flotation was eliminated. The steeped grain 
was ground twice and germs and fibers removed from the slurry by the 
regular screening operations. 



Kig. 6. The effect of table pitch on laboratory separation of starch, 
and protein in Tvet milled grain sorghum. 


I In the experiments the slope of the starch table was varied from 
in. to S in. per 20 ft. of table length. The results of the tests are 
shown graphically in Fig. 6. The correlation between pitch of table 
and starch recovery, protein in starch, and protein in gluten, is not 
precise, but a very definite trend is indicated. As the pitch of the 
table was increased, the protein contents of the starch and gluten, and 
the starch recovery decreased. The best starch contained 0.39% pro¬ 
tein (d.b.) and was obtained when the table pitch was S in. per 20 ft. 
However, only 73.7% of the starch in the grain was recovered, and the 
comparatively large quantity of starch in the overflow from the table 
reduced the protein conten^of the gluten. 
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Based on the results of the tests it was concluded that for the wet 
milling of Martin sorghum, the starch table should be pitched at 2}^- 
in. per 20 ft. of table length. Under these conditions the starch 
recovery was good and the protein content of the recovered starch, 
0.6-0.7% (d.b.) was improved over results obtained in previous ex¬ 
periments. 

It should be understood that optimum pitch of a starch table is not 
simply a function of the grain to be processed. The effect of the grain, 
or rather of the characteristics of the starch and gluten that it contains, 
is most important. However, other factors such as steepingconditions, 
milling of the grain, the rate at which mill starch is pumped to the 
table, and the physical characteristics of the table, have an influence on 
the recovery and quality of the starch. 

Wet Milling of Artificially Dried Grain Sorghum. In 1947, the 
Midwest Research Institute, Kansas City, Missouri, was engaged by 
the Corn Products Refining Company to organize and supervise a series 
of drying experiments. A batch type of farm drier, designed by the 
Texas Agricultural Experiment Station, was used and operated by 
engineers from that station (10). The Northern Regional Research 
Laboratory entered into a cooperative agreement with the Corn Pro¬ 
ducts Refining Company for the wet-milling tests. 

Samples of Early Hegari and Martin were harvested at three mois¬ 
ture ranges, namely, low or 14 to 16%, medium or 17 to 20%, and high 
or 21 to 26%. Samples were dried with air at 125®, 150®, 175®, and 
200®F. down to moisture ranges of 7 to 9% and 11 to 13%. One batch 
was dried with air at 230®F.; another was dried for hour at 150®, 
then hour at 230®F.; while a third sample had these second condi¬ 
tions reversed. 

All the grain after drying graded No. 1, except for four samples 
which had a very slight toasted odor. The moisture content of the 
samples ranged between 10.1 and 12.3% at the time the samples were 
wet milled. 

Four-pound samples of each batch of artificially dried grain were 
wet milled under identical operating conditions. Duplicates were run 
for each sample in the series. The grain was steeped for 24 hours at 
118® to 120®F. with 2,800 cc. of a solution consisting of 0.20 gm. sulfur 
dioxide per 100 cc. of distilled water. 

The steeped sorghum was milled according to the simplified pro¬ 
cedure mentioned previously. 

The specific gravity of the mill starch was adjusted to 6® Baum6 
(60®F), and the mixture then tabled at room temperature for the 
separation of starch and gluten. The table used was a painted 4-in. 



Nov., 19S0 R. L. ZIPF, R. A. ANDERSON, AND R. L. SLOTTER 


473 


channel iron, 20 ft. long, with a pitch of 2 in. for its entire length. A 
nozzle was used to feed the mill liquor to the table at a rate of 295 cc. 
per minute. 

The results of the investigation are given in Table IV. 

In most of the tests with Martin variety sorghum, the grain milled 
well. The data shown in Table IV indicate that some damage was 
sustained by the samples of medium and low moisture content that 
were artificially dried to 7 to 9% moisture. This was revealed by the 
lower starch yields and increases in the protein content of the starch. 
All of the samples harvested with a high moisture content, processed 
and tabled very well. Evidently these samples were not damaged 
during the drying operation. No relationship was noted between the 
temperature of drying and apparent damage. It was observed that 
the samples of artificially-dried Martin variety sorghum were harder 
after steeping than naturally dried sorghum of the same variety and, 
therefore, required more power for grinding. 

All of the samples of Early Hegari milled well, indicating they were 
not injured by the drying. However, samples of this variety harvested 
with a low moisture content were dried only to 11 to 13% moisture and 
not to 7 to 9%. It is possible that Early Hegari may suffer damage, 
as did Martin, if harvested when its moisture content is low and dried 
to 7 to 9% moisture. 

Pearled Grain Sorghum, One difficulty in wet milling some vari¬ 
eties of grain sorghum is that the pigment from the outer layers of the 
kernel permeates the grain during steeping, resulting in the production 
of colored starch. The product may be tinted shades of yellow, pink, 
or purple, depending upon which variety is processed. Although in 
some varieties the highly colored undercoat is absent at maturity, 
enough coloring matter may be present in the outer layers of the bran 
to tint the final starch. The glumes also are a possible source of color, 
but most of these are removed when the grain is cleaned. Sorghum 
breeders are striving to perfect varieties for industrial use that are free 
from coloring matter. Fortunately, the combine varieties, Martin 
and Early Hegari, give starches that are not too highly colored. 

It was thought that, if the coloring layers of the sorghum were re¬ 
moved prior to steeping, a whiter starch could be made. With this in 
mind, tests were conducted to compare the wet milling of whole and 
pearled sorghum. Pearling was accomplished by passing the grain 
through a laboratory Strong-Scott barley pearler in which 100 gm. 
portions of grain were retained for 10 to 15 seconds. This resulted in 
the removal of IS to 20% of the weight of the grain as bran and material 
which passed through a 12-mesh screen. 
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100 125 150 175 200 150 200 

84.8 83.7 84.3 83.4 81.4 84.6 85.0 

0.42 0.39 0.36 0.38 0.39 0.39 0.40 

37.7 38.1 36.6 36.9 35.0 36.6 37.4 
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Table V gives the composition of the whole and pearled sorghum, 
along with the fraction removed by pearling which is referred to as bran. 

The samples of whole and pearled grain were processed in the labor¬ 
atory by the wet-milling procedure illustrated in Fig. 2. 

The starch recovered from the pearled grain was whiter than starch 
made from the whole sorghum. However, it is questionable that this 
procedure is economically feasible since a substantial quantity of 
starch is lost in pearling. 

Considerable work has been done by F. A. Kummerow et aL (8) at 
Kansas State Agricultural College on the recovery and properties of a 
camauba-like wax which is contained in the outside layers of grain 
sorghums. If this wax can be recovered economically from the bran 
fraction, it may be profitable to pearl the grain before it is wet milled. 


TABLE V 

Constituents of Whole and Pearled Martin Grain Sorghum 



Whole 

Pearled 

Bran 

Moisture % 


10.7 

8.8 

Starch % d.b. 

Protein % d.b. 


74.3 

35.8 


15.3 

— 

Oil and Wax % d.b. 


2.8 

7.0 


Only a few exploratory tests were conducted on the recovery of the 
wax fraction. Hexane extraction of the bran fraction yielded 5 to 10% 
of its weight as a crude wax of a brownish green color. Hexane and 
benzene were the most suitable of the various solvents tried for this 
purpose. Heptane, iso-heptane, and carbon tetrachloride were difficult 
to recover. Pigments were removed along with the crude wax when 
ethyl acetate, or ethyl or iso-propyl alcohols were used. The crude 
wax upon extraction with acetone yielded a light tan, brittle wax with 
a melting point of 81 ®C. A soft fraction consisting mainly of higher 
alcohols was obtained from the solvent. The brittle wax possibly 
could be used as a substitute for camauba wax. 

Discussion 

It was found that grain sorghum could be processed by a procedure 
similar to that used industrially for the wet milling of corn. Sorghum 
starch is not affected by concentrations of sulfur dioxide in steepwater 
as high as 0.25% at temperatures under 120°F. These are practical 
operating conditions. It has been shown that grain sorghum can be 
steeped batchwise in 24 hours. This is a laboratory procedure and the 
result cannot be transferred directly to plant operation. However, 
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since corn is steeped satisfactorily in the laboratory in 24 hours, it is 
assumed that the conditions employed in the countercurrent, multiple 
contact system for steeping corn on a plant scale will be satisfactory 
for grain sorghum. 

No results have been reported on the recovery of germs from grain 
sorghum since the operation is almost impossible to conduct quantita¬ 
tively in the laboratory. However, it was observed that germ re¬ 
covery was easier and more complete when the concentration of sulfur 
dioxide in the steepwater exceeded 0.20%. 

It appears to be more difficult to separate sorghum starch and 
gluten than the same materials obtained from com. It was found that 
the pitch of the starch table was a critical factor in the preparation of 
sorghum starch of low protein content. Starch produced from artifici¬ 
ally dried grain sorghum contained as little as 0.3% (d.b.) of protein. 
However, in general, protein contents ranged from 0.4 to 0.7% (d.b.). 

If carnauba-Iike wax can be recovered from grain sorghum economi¬ 
cally it may be feasible to pearl the grain before it is wet milled. A 
whiter starch is obtained and the processing is simplified to some extent 
since most of the fiber is removed during pearling. 
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EXTRACTION AND ELECTROPHORETIC ANALYSIS 
OF THE PROTEINS OF CORN ^ 


Joseph F. Foster, Jen Tsi Yang, and N. Henry Yui ^ 

ABSTRACT 

Practically quantitative extraction of the proteins of corn can be eftected 
with dilute aqueous solutions of alkyl benzene sodium sulfonate containing 
0.2% bisulfite. In the absence of the reducing agent extraction is limited 
to about 80%. The whole com protein extracts are reasonably clear, even 
following removal of the excess detergent by dialysis against water. The 
extraction with other media is re-examined, it being found that water re¬ 
moves 11% of the protein, 5% sodium chloride solution 22%, pH 10 carbon¬ 
ate buffer 30%, and pH 7.8 phosphate approximately 20%, all at 2°C. 
Aqueous ethanol (73%) at room temperature removes approximately 40%. 

In general extraction with the various media appears to be additive al¬ 
though the yield in the sequence water-salt-carbonate-detergent is not 
quantitative. Phosphate ion appears to have a very significant insolubiliz- 
ing action on the proteins, alcohol a somewhat less effect. 

Electrophoretic analysis of the detergent extract indicates the presence 
of at least eight components. Three of these are identified with zein, the 
others being concentrated in the aqueous extracts. 

The question of the overall protein composition of corn is not well 
clarified. In large part this can be attributed to the fact that the 
major protein constituent, zein, is soluble only in media which render 
application of the usual analytical procedures, particularly electro¬ 
phoretic analysis, difficult or impossible. The amount of zein present 
and its relationship to the other proteins in corn is in doubt. Thus, it 
is not clear whether there is a sharp line of demarcation between the 
proteins or whether there exists a spectrum of proteins ranging from 
the typical prolamine type to the alkali-soluble glutelins. 

It has not heretofore been possible to extract all of the protein of 
corn in a single extractant or even with a combination of several ex¬ 
tractants. Perhaps the nearest approach lies in the work of Nagy, 
Weidlein and Hixon (4). These workers were able to extract as much 
as 85% to, in some cases, 90% of the protein of corn using a combina¬ 
tion of salt solution, alcohol, and alkali. In this study the workers also 
observed an unusual solubilizing effect on the corn proteins due to the 
synthetic detergents. However, they were not able to extract over 60 

1 Manuscript received March IS, 1950. Journal paper No. J-1763 of the Iowa Agricultural Ex¬ 
periment Station, Ames, Iowa. Project Numibers 978 and 1032. Supported in part by grants from 
the American Maize-Products Co., and Swift and Co. 

i Present address; Research Division, American MaUe-Products Co., Roby, Indiana. 
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to 70% of the protein with the detergent solutions under the conditions 
they used. 

It is now known that zein is soluble in dilute aqueous solutions of 
soaps and synthetic detergents and the physical chemistry of such solu¬ 
tions has recently been studied by one of us (2), it being shown that 
in such solutions the zein is present as a very stable zein detergent com¬ 
plex. This raises the possibility of extracting all of the corn protein in 
a single aqueous medium which could be subjected to electrophoretic 
analysis. 

The present paper demonstrates that substantially quantitative 
extraction can be attained using dilute aqueous detergent solution 
buffered at pH 10 containing in addition a small amount of reducing 
agent such as sodium bisulfite. At least eight electrophoretic com¬ 
ponents are present. Extraction with such media as water, salt 
solution, phosphate buffer, carbonate buffer and aqueous alcohol has 
also been re-examined and electrophoretic analyses made. 

Materials and Methods 

These studies were carried out on a commercial cornmeal ground to 
approximately 60 mesh. This sample contained 1.66% Nitrogen on 
a dry basis corresponding to a protein content of 10.4%. In most of 
the extraction studies the meal was first defatted by stirring with 99% 
isopropyl alcohol at room or cold room temperature. Usually 20 gm. 
samples were stirred twice for approximately 24 hours periods with 100 
ml. of the alcohol, and separated by centrifugation. Fat, determined 
by evaporation of the solvent and weighing of the dry residue, amounted 
to 4.S-4.7% when extracted at cold room temperature (2®C.) and 5.5 
to 5.7% at room temperature. Nitrogen was also determined on the 
alcohol extracts and amounted to 0.8 to 1.1% of the total nitrogen. 

The detergent used was the commercial Santomerse No. 3,^ an 
alkyl benzene sulfonate. In some experiments this material was 
purified by precipitation from ethanol, but with no improvement in 
extraction. 

Extraction Procedure, In early studies extraction was carried out 
simply by slow mechanical stirring in a beaker. In later work, for 
reasons mentioned below, shaking was substituted for stirring. In 
this case the extractions were carried out in 250 ml. centrifuge tubes, 
the volume of extracting fluid being usually 100 ml., and separation 
made by centrifugation in an International centrifuge at approximately 
2,000 r.p.m. Most extractions were carried out in parallel at room 
temperature (25-30®C.) and in the cold room (2®C.). 

NUrogen Ana lysis, The amount of protein extracted was deter- 

Supplied by the Monsanto Chemical Co, ^ , 
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mined by nitrogen analysis on the extracts using the Pregl micro tech¬ 
nique, with selenium oxychloride as catal^-st. Analysis of the corn 
and of the residue following extraction was by the conventional macro 
procedure using cupric selenite as a catalyst. 

Dialysis. Dialyses were carried out in cellophane tubing^ using 
continuous mechanical agitation. For electrophoresis the dialysis 
time was about 24-48 hours against the appropriate buffer. For re¬ 
moval of excess detergent, dialysis was against five or six changes of 
water, 12 to 24 hours each. Following dialysis the extracts were con¬ 
centrated by lyophilization, where necessary, to a protein concentra¬ 
tion of at least 0.6% for electrophoretic analysis. In case of the non¬ 
detergent extracts solutions were usually somewhat turbid following 
concentration and centrifugation was frequently necessary to clarify 
them sufficiently for electrophoretic analysis. 

Electrophoretic Analysis. The electrophoretic studies were carried 
out in a standard double-length cell of the Tiselius type. The appara¬ 
tus used and method of operation were the same as previously described 
by one of us (1). 

Results and Discussion 

Extraction with Aqueous Detergent. General Considerations. The 
first extractions carried out were with unbuffered detergent solution. 
In such cases the pH of the detergent, about 8.3, dropped to about 7.0 
upon contact with the corn. Extraction yields under such conditions 
were very poor. Furthermore, it had been found in the case of corn 
gluten that maintainance of the pH above 9.0 greatly facilitated extrac¬ 
tion (7). Therefore, the detergent solutions were buffered with sodium 
carbonate-bicarbonate at a pH of 10 to 11 in all detergent extractions 
reported in this paper. The actual pH following extraction ranged 
from about 9.0 to 10.0, 

The first phase of the investigation was concerned with the optimal 
mechanical conditions for rapid extraction. In runs Nos. 6 and 7 
(Fig. 1), 38.0 gm, samples of corn were extracted with a single batch of 
200 ml. of 1% detergent solution using vigorous mechanical stirring. 
Aliquots were removed each day, centrifuged, and the supernates 
analyzed for nitrogen. Extraction is evidently very slow after the 
first day. Jn runs Nos. 8 and 9 (Fig. 1), 18 gm, samples were extracted 
with 100 ml. portions of 1% detergent for 24 hours, with removal of 
extract and washing of the residual corn with carbonate buffer (pH 
10.3) following each such period. This procedure is seen to be some¬ 
what more efficient. 

In runs Nos. 13 and 14 (Fig. 1), extraction was first carried out with 
carbonate buffer (pH 10.3), 38.0 gm. samples being twice extracted 

‘ Supplied by Tho Vwkiug Coip., Cliicjxo. * 
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with 200 ml. of buffer each time. Each extraction was followed for 
two to three days. Following this, the residue was extracted twice 
with 200 ml. portions of detergent (1%), again for two to three days. 
In all cases extraction can be considered to be substantially complete 
after 24 hours. Furthermore, the second portion of a given extractant 
accomplishes relatively little, except in the case of the second extraction 
with alkaline buffer at room temperature. 



Fig. 1. Extractions with detergent and with caiboiiate buffer without bisulfite. 


This anomalous result with carbonate was observed repeatedly. 
It was concluded that the effect must be due to microbiological action 
since it occurred only at room temperature and did not occur in the 
detergent extractions. In a few extreme cases obvious evidences of 
deterioration, such as the odor of hydrogen sulfide, were detected. 
Addition of an effective antiseptic minimized this effect although there 
were always some doubts as to the validity of results carried out in 
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alkaline, detergent-free media at room temperature over a period of 
several days. The antiseptic used in all room temperature work re¬ 
ported below, with the exception of detergent extractions where no 
evidences of decomposition were ever observed, was /)-chlorothymol 
(usually in the amount of S ml. of a saturated aqueous solution per 
100 ml. of extracting solution). 

In the early extractions the extracts were frequently very cloudy 
following centrifugation. It was concluded that this was in part due 
to fat, in part due to suspended starch particles. Substitution of 
either an end to end agitation of the tubes in a horizontal position or 
end over end rotation yielded equally rapid extraction and much 
clearer extracts. Use of defatted corn further improved the situation. 
All subsequent results were obtained with these modifications. 

Extraction with Aqueous Detergent Solution. It is apparent from 
Fig. 1 that extraction with buffered detergent solution or even with 
alkaline buffer followed by detergent, does not effect quantitative re¬ 
moval of the proteins. The curves appear to level off below 80% ex¬ 
traction and attainment of even this yield is a slow, tedious process. 
Furthermore, the extracts in these studies were very cloudy, as previ¬ 
ously mentioned, and clarification resulted in a loss of as much as 20% 
of the extracted nitrogen so that even the 70 or 80% figure is high. 

Attempts were made to extract the residual nitrogen using aqueous 
alcohol with and without added sodium acetate at room temperature 
and at elevated temperature. At room temperature only some 2.0% 
additional nitrogen could be extracted, at 60® somewhat more; how¬ 
ever, the total yields were still not over 80%. 

Detergent Plus Reducing Agent. The low yields of protein obtained 
with the alkaline detergent solutions were distinctly disappointing, 
particularly in view of the fact that prior to this it had been found 
possible to extract the protein of commercial corn gluten quantitatively 
with such a medium (6). It seemed possible that this difference in 
extractability might be due to the reducing action of the bisulfite steep 
used in the commercial wet-milling process. Also it is well-known that 
reducing media facilitate the solubilization of other tissue proteins, 
notably keratins (3). Therefore, experiments were conducted in which 
sodium bisulfite in the amount of 0.2% was added to the detergent 
extractant solutions. 

Some results of direct detergent extraction in the presence of bi¬ 
sulfite are shown in Fig. 2. In runs Nos. 29 and 30, 20 gm. samples of 
defatted corn were extracted repeatedly for 2 day periods with 100 ml. 
portions of 2.0% detergent containing also 0.2% bisulfite. In runs 
Nos. 33 and 34, conditions were the same except that the detergent 
solution used was only about 0.4%Ksaturated at the cold room tempera- 
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ture). Runs Nos. 29 and 33 were in the cold room, Nos. 30 and 34 at 
room temperature. Extraction is obviously much improved and seems 
to approach 100%. 

In Fig. 3 are shown results of experiments in which detergent ex¬ 
traction followed cither water or alkaline buffer extraction. In all of 
these runs conditions were the same during the detergent extractions, 
i.e., 20 gm. corn extracted repeatedly for 48 hour periods with 100 ml. 
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portions of 2% detergent plus 0.2% bisulfite. Removal of the water 
or alkali soluble protein appears to have no marked influence on the 
course of the detergent extraction. 

The fact that much less nitrogen is extracted in the early stages of 
run No. 33 as compared to No. 29 (Fig. 2) shows that the excess undis¬ 
solved detergent in the cold room extractions is effective. This might 
be expected since presumably the excess dissolves to maintain a satu¬ 
rated system as detergent is combined by protein. At the end of five 
extractions (10 days) the amount of nitrogen extracted in runs Nos. 33 
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and 34 is comparable to that in Nos. 29 and 30 in spite of the fact that 
only 20% as much detergent is used in Nos. 33 and 34. This is of con¬ 
siderable interest and indicates that the ratio of detergent to protein 
is the limiting factor. Thus the amount extracted in extractions Nos. 
1 and 2 is limited by the low detergent concentration in runs Nos. 33 
and 34 but is made up in later extractions. 



Fig. 3. Extractions >vith water or carbonate buffer followed by detergent. 
Bisulfite inresent in detergent and carbonate extractions. 


This result suggested the possibility of reducing the detergent con¬ 
centration in successive extractions as a means of economizing on 
detei^ent without sacrificing on yield or extraction rate. This proved 
perfectly feasible. In one such experiment a 20 gm. sample of com 
was extracted five times as in run No. 29 except that the extracting 
medium consisted of 1.0, 0.5,^ OsS,’ 0.2, and 0.1% detergent. The 
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protein extracted was actually slightly higher than in run No. 29. 
Extraction was 90.0% complete after four extractions. In other words 
1.8 gm. of protein was extracted with only 2.0 gm. of detergent. In 
this experiment the bisulfite concentration was also reduced in suc¬ 
cessive extractions, from 0.10% down to 0.01%. The ratio of deter¬ 
gent to protein is not the sole factor, however. In a parallel experiment 
to this a sample of only 5 gm. was extracted with 0.3, 0.2, 0.1, and 
0.05% detergent, a total of 0.65 gm. of detergent to only about 0.5 
gm. protein. Extraction was very poor, about 76%. 

A final water wash following three or four detergent extractions is as 
effective as another detergent extraction. Presumably this results 
from solution of protein-detergent complex already formed. 

Thus it is seen possible to extract in the form of clear solutions 90% 
or more of the protein of corn, at 2®C. using little more than 1 gm. of 
detergent per gm. of protein. Actually the extraction is somewhat 
better than this since the micro-Kjeldahl values tend to be a little low 
and some mechanical loss is unavoidable. Electrophoretic analyses 
on such extracts are shown in Fig. 5 and are discussed below. 

Approximately 12% of the nitrogen in these extracts was found to 
be dialyzable in several experiments and is to be presumed nonprotein 
in character. 

Other Extractants, Alkaline Buffer, Direct extraction with pH 
10.3 carbonate buffer in the cold room removed 27 to 29% of the pro¬ 
tein (Fig. 1, Exp. 13). The same total is obtained when carbonate 
follows water and salt extraction. The problem of decomposition in 
this buffer at room temperature has been previously mentioned. How¬ 
ever where adequate protection against microbiological growth was 
used, the curves at room temperature also appeared to flatten out at 
about 30%. Alkaline buffer plus bisulfite is appreciably more efficient, 
30 to 35% being extracted (Fig. 3, runs Nos. 31 and 32). Exposure 
to the alkaline buffer has no adverse eflFecl on the later extraction with 
other solvents. 

Water, Water extracts approximately 11% of the protein, either 
at room or cold room temperature (Fig. 3, runs Nos. 27 and 28 plus 
many other data not reported here). Extraction with water does not 
have any adverse effect upon later extractions with other media. 

Salt Solution, Extraction with 5% aqueous sodium chloride yields 
22% of the protein, following water extraction approximately 11% (a 
totaJ of 22% with the two extractants). Carbonate buffer following 
water and salt extraction removes an additional 4.9%, the total agree¬ 
ing with that obtained by direct alkaline buffer extraction. As seen in 
Fig. 4, run No. 44, detergent extraction following water, salt, and car¬ 
bonate is not very effective. As previqjisly pointed out neither water 
nor carbonate alone interfere with subsequent detergent extraction and 
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it has also been found that salt followed by detergent gives substan¬ 
tially quantitative extraction. 

Phosphate Buffer. Direct extraction with phosphate buffer removes 
only about 20% of the protein (Fig. 4, runs Nos. 21 and 22). Further¬ 
more the residual protein is rendered much less soluble as indicated by 
the fact that alkaline buffer following phosphate removes only about 3 



Fio. 4. Extractions with water, carbonate buffer, 5% sodium chloride, 73% ethanol, phosphate 
buffer, and detergent. Bisulfite present in detergent extraction. 


to 5.0% additional protein and extraction with other media is greatly 
reduced. Detergent without reducing agent following phosphate plus 
alkaline buffer yielded only 28%. Even with reducing agent extraction 
is far from complete once the com has been exposed to phosphate. 
Exhaustive washing of the residue with water to remove phosphate 
ions improved this situation only slightly. It appears that phosphate 
may have an insolubilizing action on the corn proteins. 

Aqueous AlcohoL Direct extraction with aqueous alcohol yields 
about 40% of the protein at room temperature in the presence of sodium 
acetate. This is in agreement^ with the findings of Hixon et al, (4), 
More can be extracted at elevated temperature. Extraction with 
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alcohol somewhat inhibits subsequent extraction with detergent (Fig. 
4, run No. 42). Also extraction with alkaline buffer following alcohol 
appears to be inhibited (Fig. 4, run No. 47). This effect is probably 
merely one of rate since these curves have not leveled off. In at least 
one experiment it was found possible to extract a total of over 90% 



Pig, 5. Electrophoretic analyses in the presence of deterKent. Run No. 1, wliole>protein, 1.0% 
protein, 135 minutes at 6r3 volts/cm. Run No. 2, water extract, 0.4% protein, 106 minutes at 6.0 
volts/cm. Run No. 3, sodium chloride extract, 0.5% protein, 102 minutes at 6.1 volts/cm. Run No. 
4, carbonate buffer extract, 0.6% protein, 135 minutes at 6.4 volts/cm. Run No, 5, 73% ethanol ex¬ 
tract, 0.8% protein, 143 minutes at 6,1 volts/cm. The buffer in all cases was carbonate-bicarbonate. 
pH 10.3, ionic strength 0,26. 


of the protein with alcohol followed by determent. However, it was 
also noted that such extracts were turbid whereas the direct detergent 
extracts were quite clear. Thus it seems certain that the alcohol has 
an insolubilizing action on some of the proteins present in corn. 

Electrophoretic Analysis of Extracts. Electrophoretic analyses of 
water, salt and carbonate buffer extracts have been carried out. The 
extracts are always very inhomogeneous, containing components 
ranging in mobility from about 2-3 to 10 X lO"* cm.* Volt"* Sec."*. 
It is concluded that such extractions are not particularly selective. 
Furthermore the analyses are complicated in that the extracts, being 
very dilute, must be concentrated prior to electrophoresis and there is 
invariably loss of some, protein during,this step. 
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The detergent extracts remain clear following concentration and 
can be subjected to electrophoresis conveniently. However, in view 
of the known tendency of proteins to form complexes with anionic 
detergents the results can be interpreted only with extreme caution 
(2,5). Results of a typical run on the whole-protein extract from which 
excess detergent has been removed by prolonged dialysis are shown in 
Fig. 5. Usually about eight components are distinguishable and these 
have been numbered in the figure in order ot increasing mobility. The 
mobilities are somewhat variable, probably due to variations in the ex¬ 
tent of removal of detergent, but usually range from about 3.0 to about 
11-12 X lO"® cm.2 Volt“^ Sec."*^ under conditions similar to those used 
in Fig. 5. (The detergent itself yields a single peak with mobility of 
16-18 X 10“® under these conditions.) It seems probable that this 
represents a minimum number of components since combination with 
detergent has the effect of increasing total net charge, thereby causing 
the proteins to lose their electrophoretic identity. This has been veri¬ 
fied by suitable control experiments on mixtures such as zein plus 
ovalbumin run in the presence of detergent. 

A typical electrophoretic run on the 73% ethanol extract under 
conditions similar to those used in the case of the whole protein is also 
reproduced in Fig. 5. It is interesting that only the three components 
of highest mobility (6, 7, and 8) appear in such extracts in appreciable 
quantity. Conversely, the water, salt, and carbonate buffer extracts 
are considerably enriched in the slower moving components when ana¬ 
lyzed in the presence of minimal amounts of detergent (Fig. 5). 

The fact that slow moving components are obtained at all, in the 
presence of detergent, would seem to indicate that the more water solu¬ 
ble components give up their detergent upon dialysis more readily than 
zein. If this is true, the method might have value as an empirical 
analytical method for comparing, for example, different strains of com. 
Obviously much further work will be necessary before this is possible. 
In particular precision methods for determining the residual bound 
detergent are needed. Further work along these lines is in progress. 
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IMPROVED TECHNIQUES FOR STUDY OF THE 
HYDROLYSIS OF AMYLOSE BY 
MALT ALPHA-AMYLASE ^'2 

R, J. Dimler, R. C. Bachmann and H. A. Davis 
ABSTRACT 

Amylose solutions of 3 to 4% concentration can be hydrolyzed with malt 
alpha-amylase without retrogradation if a temperature of 70®C. is used. 

This high temperature, together with the presence of 0.1% calcium chloride 
in the amylose solution, minimized possible action of traces of beta-amylase 
which might have been in the alpha-amylase preparation. The iodine color 
of the hydrolysis solution reached the dextrin end-point at about 30% con¬ 
version and the achromic point at about 45% conversion to apparent mal¬ 
tose. After the hydrolysis was stopped by addition of acetic acid and the 
solution deionized, the products could be partially fractionated by alcohol 
precipitation. Paper chromatography showed that the fractions were still 
very heterogeneous. At the achromic point, the hydrolysis products were 
found to consist of at least 10 reducing compounds, including glucose and 
maltose and, presumably, the homolc^ous series of oligosaccharides up to a 
degree of polymerization of 10 glucose units. 

The first study of the hydrolysis of a relatively pure amylose by 
malt alpha-amylase was described by Meyer and Bernfeld (7). Sub¬ 
sequent work by Myrback and coworkers (9,13) included fractionation 
by alcohol precipitation of the hydrolysis products at different stages 
of hydrolysis of the amylose. Data on rates of hydrolysis and on dis¬ 
tribution of molecular sizes were used as a basis for theories on the 
mechanism of alpha-amylase action, Bernfeld and Studer-P6cha (4) 
have described experiments showing the effect of retrogradation of 
amylose on the rate and extent of hydrolysis by alpha-amylase. These 
authors considered the conclusions of MyrbSlck unreliable because they 
were based on experiments in which retrogradation must have occurred 
(see also Meyer, (8)). The possibility that the fractionation methods 
used by Myrbiick and coworkers give fractions which are still quite 
heterogeneous is indicated by the carbon-column adsorption studies of 
Tiselius and coworkers (16, 17) on fractions furnished by MyrbSLck, 
apparently mainly from starch hydrolyzates. 

Our interest in the mode of action of malt alpha-amylase on amy¬ 
lose has led to the development of the methods of operation described 

* M^uacript received May 19. 1950. Presented at the meeting of the American Aasociation of 
Cereal Chemists m Chicago, Illinois, May 15-19, 1950. 
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in this paper. Particular attention was given in this work to methods 
of minimizing the danger of retrogradation, increasing the usable 
amylose concentration in order to facilitate the preparation of larger 
quantities of materials, and evaluating the effectiveness of the frac¬ 
tionation methods. 

Materials and Methods 

Malt Alpha-Amylase, The preparation of the malt alpha-amylase 
was based on the work of Kneen, Sandstedt and Hollenbeck (6) on the 
stability and precipitability of the enzyme. Ground barley malt was 
extracted with five parts of 0.2% calcium chloride solution at pH 6.0, 
the filtered extract heated at 70 °C. to inactivate beta-amylase, and the 
alpha-amylase precipitated from the cooled solution by half-saturation 
with ammonium sulfate. This precipitate was converted to a stable, 
easily soluble form by dissolving it in 0.2% calcium chloride solution 
and drying it cryoscopically. The resulting product, representing 
about 60% of the alpha-amylase originally extracted from the malt, 
usually had a potency of about 3,000 units per gram by the Sandstedt, 
Kneen and Blish (11) method. 

Amylose, The amylose was prepared from potato starch by the 
butanol fractionation method of ^hoch (12). The recrystallized 
amylose had an iodine sorption of 201 mg. of iodine per gram by the 
potentiornetric titration method of Bates, French and Rundle (2) as 
modified by Wilson, Schoch and Hudson (18). In comparison, the 
maximum iodine affinity of repeatedly recrystallized potato amylose 
was about 210 mg. of iodine per gram. The amylose either was used 
as the wet amylose-butanol complex or was dried in such a way as to 
avoid retrograded or horny products. 

Analytical Methods, Reducing power was determined by the 
method of Somogyi (14). The results were calculated as maltose 
hydrate. 

The (jualitative test lor butanol in aqueous solution depended upon 
formation of butyl acetate which was detected by its odor. To a 
mixture of 2 ml. of the aciueous solution and one drop of glacial acetic 
acid was added 1 ml. of concentrated sulfuric acid. The heat of mixing 
aids in the esterification of the butanol and in the volatilization of the 
butyl acetate. As little as about 0.25% butanol could be detected in 
this way. 

The color of the hydrolyzate with iodine was determined by using 
the iodine solution and the proportions prescribed for the Sandstedt, 
Kneen and Blish alpha-amylase determination (11). Measurements 
were made with a Coleman spectrophotometer, the comparison being 
either with the iodine blank at 500 m^ or with the inorganic standard 
of Olson, Evans and Dickson ^10) at 635 m^. 
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Qualitative analysis of fractions by paper chromatography was 
done by the multiple development method of Jeanes, Wise and Dimler 
(5), using a 1:1:1 mixture of fusel oil, pyridine, and water and four 
ascending movements of the solvent. The position of the sugars was 
determined by spraying the dried paper with an alkaline solution oi 
3,5-dinitrosalicylic acid. The initial spot contained about 0.4 mg. of 
carbohydrate, placed on the paper by application of the necessary 
number of 1-X drops to the same spot with drying between each applica¬ 
tion. 

Preparation of Amylose Solution. A 3% solution ol potato amylosc 
was prepared by adding a slurry of 60 gm. amylose (dry basis) in 400 
ml. 7t-butanol with stirring to 1.6 1. of 0.1 % calcium chloride solution at 
90®C. To eliminate the possibility of “skin formation” during re¬ 
moval of the butanol it is advantageous to have the solution in a 3- 
necked, 3-1. round-bottom flask fitted with a distilling head, a stirrer, 
and a graduated dropping funnel. When solution was complete the 
butanol was removed by distillation until a negative test for butanol 
was obtained in the distillate. This usually required distillation of 
about 1 1. of the mixture. Nearly complete removal of butanol is es¬ 
sential to avoid inactivation of the alpha-amylase. The volume of 
solution in the flask was kept constant by the continuous addition of 
water during the distillation. 

Hydrolysis of Amylose. The flask containing the aqueous solution 
of amylose (pH about 6.0) was transferred to a 70®C. constant tempera¬ 
ture bath. When the temperature of the stirred solution had dropped 
to between 70® and 75® the alpha-amylase, dissolved in 0.2% calcium 
chloride, adjusted to pH 6.3 with dilute ammonium hydroxide and pre¬ 
heated 3 minutes in the 70®C. bath, was added. As an example, a 
total of 10 units (Sandstedt, Kneen and Blish) of amylase per gram of 
amylose was used, about half of the enzyme being added initially, onc- 
third after IS minutes, and the remainder in two equal portions at 
IS-minute intervals. In this case the achromic point was reached in 
about 70 minutes. H^'drolysis was stopped by adding 100 ml. of 0.1 
N acetic acid and holding the acidified (pH 4) solution at 70®C. for 
20 minutes before cooling it in an ice bath. The incremental addition 
of enzyme was used in most cases to more or less compensate for some 
inactivation of the alpha-amylase at 70®C. Addition of all the enzyme 
at the beginning of the hydrolysis gave similar results except for re¬ 
quiring about 135 minutes to reach the achromic point. 

Preliminary Alcohol Fractionation of Products. The cold hydroly- 
zate, after being supercentrifuged to remove a slight precipitate, was 
deionized by passage through columns of cation and anion exchange 
reams. The solution was concentraiteci to 180 ml. and added very 
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rapidly to 3.41. of absolute ethanol with stirring to precipitate a fraction 
insoluble in 95% (v/v) ethanol. After the mixture had been stirred 
for 18 hours to insure equilibrium, the precipitate was separated by 
decantation and centrifugation. This fraction was dissolved in 180 
ml. of water and reprecipitated from 95% ethanol. It was then frac¬ 
tionated in 85% (v/v) ethanol by dissolving the centrifuged or filtered 
precipitate in 180 ml. of water and adding it to 11. of absolute ethanol. 
After being stirred overnight the slightly cloudy supernatant was de¬ 
canted from the sirup which had separated. The fraction insoluble in 
85% ethanol was obtained as a dry powder by dissolving the sirup in 
90 ml. of water, adding the solution to 3 1. of absolute ethanol with 
stirring, separating the precipitate by filtration, washing it twice by 
resuspension in absolute ethanol, and drying it over calcium chloride 
in a vacuum desiccator. The fraction soluble in 85% and insoluble in 
95% ethanol was isolated by concentrating the solution in 85% ethanol 
to dryness and converting the residue to a dry powder in the same 
manner used for the fraction insoluble in 85% ethanol. The fraction 
soluble in 95% ethanol was obtained as a sirup by concentrating the 
combined 95% ethanol solutions. 

Results and Discussion 

A difficulty often encountered in working with solutions of amylose 
is the ease with which retrogradation occurs. In the present studies 
the relatively good stability of alpha-amylase at high temperatures 
permitted taking advantage of the fact that the rate at which amylose 
retrogrades decreases with increase in temperature. In earlier hydroly¬ 
ses at 30® to 40®C. even 1% solutions frequently retrograded. At 70®C. 
the use of 3% solutions of amylose proved quite practicable, while 
some trials were successful with 4%, and slightly higher, concentrations. 
No cloudiness attributable to retrogradation was observed, although 
the possibility of formation of invisible submicrons (4, 8) was not 
excluded. 

Retrogradation presumably could be minimized also by use of the 
procedure described by Bernfeld and Giirtler (3) for hydrolysis with 
beta-amylase. They added an alkaline solution of amylose to a 
buffered solution of an excess of enz 3 ane. Such a procedure would not 
be suitable for the study of intermediate stages of hydrolysis, however, 
because of the differences in the period of hydrolysis of the various 
portions of the amylose solution. 

With the use of 70®C. for the hydrolysis, the inclusion of calcium 
chloride for stabilization of the alpha-amylase (6) became desirable. 
This combination of high temperature and presence of calcium chloride 
offers the further advantage of providing unfavorable conditions for 
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beta-amylase (6), thereby minimizing the possibilities of hydrolytic 
action by traces of beta-amylase which might have remained in the 
alpha-amylase preparations. 

The hydrolysis at 70®C. followed essentially the same course of 
increase in reducing power as reported by Myrb^ck for malt alpha- 
amylase and by Alfin and Caldwell (1) and by Swanson (15) for pan¬ 
creatic and salivary alpha-amylase, respectively. The initial rapid 
increase in reducing power was followed, after about 40-45% conver¬ 
sion to apparent maltose, by a much slower hydrolysis. 

The progress of the hydrolysis during the last part of the rapid 
phase was conveniently followed by determining the color given by the 
addition of samples of the hydrolyzate to dilute iodine solution. The 
achromic point occurred regularly at about 45% conversion to ap¬ 
parent maltose. The spectrophotometrically measured transmission 
of the mixture at 500 m/x became constant at about 95% of the trans¬ 
mission of the iodine blank, apparently as a result of interaction be¬ 
tween the iodine and substances In the enzyme preparation. 

Another familiar point in the series of iodine colors is the end-point 
of the alpha-amylase determination (11) at which a red coloration is 
obtained. The extent of hydrolysis was approximately 30% when the 
transmission of the iodine-hydrolyzate mixture was the same as that 
of the inorganic standard (10) at 635 m/x. The test with iodine, there¬ 
fore, provides a very useful guide for determining when to stop the 
reaction for these two approximate extents of hydrolysis in the phase 
of rapid hydrolysis. 

Acidification of the hydrolysis mixture was adopted as a more in¬ 
stantaneous method of stopping the reaction than heating the mixture 
to boiling. This is particularly true when several liters of solution are 
involved and when the hydrolysis is to be halted at intermediate points 
in the rapid phase. 

The acetic acid was removed along with the calcium chloride by 
the ion exchange resins. The removal of calcium chloride before 
alcohol precipitation of the products was found to be essential. Not¬ 
withstanding the solubility of calcium chloride in alcohol, the precipi¬ 
tated carbohydrates contained considerable ash if the solution had not 
been deionized. 

TABLE I 



Yield 

Average D, 

Fraction 

% 

glucose units 

Sol. 95% EtOH 

Insol. 95^%, Sol. 85% EtOH 

40 

2.8 

16 

6.3 

Insol. both 95% and 85% EtOH 

44 

7.0 


^ D. P. ixidiGates Degree of Polymerlsatioxi or number of glucose units per molecule. 
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Fractionation of the hydrolyzate by precipitation with 95% and 
85% (v/v) ethanol was satisfactory only for a preliminary separation 
of the products into somewhat less complex mixtures. The results 
shown in Table I are for such a fractionation of the products from a 
hydrolysis which had been carried to just past the achromic point and 
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Fi<;. 1. FuiK‘r chromiitogram of (A) fraetioa of amylose liydrplyzate ^oluble in both 85% and 
95% etlianol, (Jl) fraction soluble in 85% and insoluble in 95% ethanol, (C) fraction soluble in 95% 
ctlianol. and (D) glucose-maltose mixture. The component sugars are tentatively considered to con¬ 
stitute the homologous series of alplia-l»4-linked glucose polymers as indicated. 


showed a reducing power equivalent to 47% conversion to maltose. 
The yields are only approximate, since they are calculated as percent¬ 
age of the total weight recovered, which was about 75% of theory. 
The average degrees of polymerization (D.P.) were calculated from the 
reducing power, using the reducing power of maltose as a standard. 
The fraction soluble in 95% ethanol contained, as would be expected. 
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nearly all of the glucose and maltose formed in the hydrolysis. The 
fraction insoluble in both 95% and 85% ethanol was essentially free of 
maltose. 

Paper chromatography of these fractions showed clearly that they 
were all very heterogeneous (Fig. 1). Each contained at least four or 
five constituents in appreciable amounts, and small quantities of 
others. It seems most probable that, all together, these compounds 
constitute the homologous series of glucose, maltose, and alpha-1,4- 
linked oligosaccharides (5). If that is the case, then it is apparent that 
the fraction soluble in 95% ethanol contains significant quantities of 
dextrins containing up to seven glucose units. The least soluble frac¬ 
tion then contains sugars ranging from 4 to 10 glucose units in size. 
Some chromatograms showed indications of the presence of slower- 
moving materials which might be still higher saccharides. Studies 
are now in progress to isolate and characterize more definitely these 
component sugars and to determine the quantities present. 

Paper chromatography thus provides a convenient method for the 
evaluation of any fractionation method which might be used in studies 
of the products of the hydrolysis of amylose with alpha-amylase. 
While similar information apparently can be obtained by the use of 
interferometric methods in conjunction with carbon column adsorption 
(16), paper chromatography is simpler in requirements of both equip¬ 
ment and operations. 
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THE EFFECTS OF CHLORINE DIOXIDE ON THE 
NUTRITIVE VALUE OF WHEAT GLUTEN 

James B. Allison, John L White, Edward P. Ajemian, 

AND Jay S. Roth 

ABSTRACT 

The nutritive value of wheat gluten, determined in puppies or in adult 
dogs, was not altered by treating flour with chlorine dioxide in amounts up 
to 1.83 gm. chlorine dioxide per hundred weight. There was no evidence 
of running fits, either clinical, or in electroencephalograms in dogs fed chlo¬ 
rine dioxide-treated wheat gluten. Abnormal electroencephalograms were 
obtained from dogs fed wheat gluten prepared from flour treated with nitro¬ 
gen trichloride long before clinical symptoms of abnormalities appeared. 

Recent studies have demonstrated that wheat flour treated with 
nitrogen trichloride, or the gluten therefrom, will produce toxic symp¬ 
toms when fed to dogs in sufficient quantities. These symptoms are 
usually described clinically as “running fits” or “canine hysteria" 
(1-S) and they are associated with an abnormal electroencephalogram 
(6, 7). 

Nitrogen trichloride as a bleaching agent and flour-maturing agent 
has been superseded by chlorine dioxide. Newell et al. (8) have fed 
dogs, rabbits, rats, and monkeys, flour treated with chlorine dioxide 

> ^S!bu5on1?Sn?he*Bareau*<rf*BitoI<^W Rwearch, Rutgeis Univerhitv. Ne*- Brunmmek, N. J. 
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for periods up to five and one-half months without producing any 
abnormal symptoms. Humans fed this treated flour for six weeks 
were also unaffected, Nakamura and Morris (9) have reported that 
the feeding of chlorine dioxide-treated flour to either growing or mature 
dogs did not induce canine hysteria. 

The following studies were planned to determine whether or not 
the treatment of wheat gluten with chlorine dioxide would alter the 
nutritive quality of the protein or produce changes in the electroen¬ 
cephalograms of dogs upon feeding. 

Materials and Methods 

Six twelve week old littermate puppies were fed the diet in Table I 
ad lib (10). The puppies were paired so that one female and one male 
were fed the same sample of wheat gluten. 


TABLE I 
Diet^ 


Wlicat Gluten Diet —ad lib. 

Vitamin Supplements 

Ingredients 

Calories 

Gramt» 


mg./kg./day 


% 

% 



Wheat gluten 

21.93 

25.0 

Thiamine 

0.025 

Dextrose 

31.77 

36.2 

Riboflavin 

,025 

Dextrin 

16.30 

18.6 

Nicotinic acid 

.250 

Lard 

30.00 

15.2 

Calcium pantothenate 

.200 

Salt Mixture* 


2.0 

Pyridoxine 

.015 

Agar 


3.0 

Choline 

15.0 




2-methyl-l ,4-naptho- 





quinone 

,00001 


100.00 

100.0 

Calcium tocopherol 





monosuccinalc 

0.5 




Fish liver oil 

470 Units A 





85 Units D 




Liver extract 

0.02 USP Units 


^ Mix 1.4 Rm. ot ^vatcr with eveiy Rram of dog food, 
s Wesson’s Modified Osbornc-Mendel Sait Mixture (11). 


Nitrogen beJance indexes of the gluten were determined on adult 
dogs according to methods described previously (12). The gluten 
was water washed from official mill samples of flour containing 65% 
winter and 35% spring flour. The gluten was prepared in the labora¬ 
tories of Wallace and Tieman Company. One sample of flour was un¬ 
treated, a second was treated with 0.61 gm. of chlorine dioxide per 
hundred weight, and a third with 1.83 gm. of chlorine dioxide per 
hundred weight. 

Another series of three puppies were fed the wheat gluten from the 
untreated flour. Electroencephalograms were obtained on these dogs 
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during a control period and after three and eight weeks feeding of the 
diet containing this untreated wheat gluten. Another group of three 
puppies were fed the gluten treated with 1.83 gm. of chlorine dioxide 
per hundred weight. Electroencephalograms were measured on these 
as on the control puppies. 

Other puppies were placed on a wheat gluten which had been pre¬ 
pared from flour treated with nitrogen trichloride equivalent to 3 gm. 
per hundred weight. This was done to check the development of 
hysteria and the effect on the electroencephalogram in dogs. 

To determine the encephalograms each dog was anesthetized by 
intravenous injection of sodium pentothal. While the dogs were 
asleep electrodes were attached to shaved patches on the right and left 
frontal areas and the cars, the latter being used as reference points. 

After testing the electrode resistance, electroencephalographic 
records were taken for a period of 20--30 minutes on each dog, at ap¬ 
proximately two minute intervals. 

Results and Discussion 

The caloric intakes are recorded in Fig. 1. These data illustrate 
the gradual reduction in the number of calories/day/kg. of body weight 
as the dogs grew in size. The intake was the same for both sexes and 
was not altered by treatment with chlorine dioxide. The data in Fig. 
2 illustrate the growth of the puppies on these caloric intakes. Treat- 




498 


CHLORINE DIOXIDE EFFECTS 


Vol 37 


a* 

h- 

X 

o 

UJ 

5 

>• 

o 

o 

GQ 



ment of wheat gluten with chlorine dioxide did not effect their growth. 

The protein efficiencies recorded in Table II indicate that the 
nutritive quality of wheat gluten is not altered by treatment with 
chlorine dioxide. The gain in weight of these puppies on wheat gluten 
is surprisingly good being approximately the same as on a diet contain¬ 
ing whole egg (13). Data presented previously demonstrate, however, 

TABLE II 


The Effect of V.\.rious Glutens on Nitrogen Iniake, Wekhit Gain 
AND Protein EFFiaENcy of Puppies Over a Period of 21 Days 


Dog 

No. 

Source of Wheat Gluten 

Nitrogen 

Intake 

Weight 

Gam 

“Protein 

Efficiency'*! 

85 

Untreated flour 

gm. 

136 

gm. 

1,550 

11 

86 

Untreated flour 

180 

2,200 

12 

87 

Chlorine dioxide-treated flour, 0.61 gm./ewt. 

140 

1.800 

13 

8$ 

Chlorine dioxide-trealed flour, 0.61 gm./ewt. 

211 


13 

89 i 

Chlorine dioxide-treated flour, 1.83 gm./cwt.j 

156 

im 

12 

90 

Chlorine dioxide-treated flour, 1.83 gin./cwL 

202 

■Mil 

13 


»“Protein efifictendea” are grams body weight gain per gram of nitrogen intake during thia period. 
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TABLE III 

Digestibilities AND Nitrogen Balance Indexes ^ of Wheat Gluten 
Prepared From I^treated Flour and From Flour Treated 
WITH 1.83 GM. Chlorine Dioxide per Hundred Weight 


SOUKC ol Wheal (irlUt(Ml 

Oigcbti- 

bility 

Absoi bed 
Nitrogen 
AN 

Ui mary 
Nitiogeii 
UN 

Protein-free 
Urinary 
Nitrogen 
UNo 

Nitrogen 

Balance 

Index 

k 


% 

gmjday/ 

gm./day/ 

gm./day 1 


Untroaltid flour 


sq.m. 

iQ.M. 



98 

4.28 

4.03 

1.88 

O.SOib.062 

Chlorine dioxkU'-trcatcd 




flour, 1.83 Rin./cwt. 

98 

4.24 

4.47 

2.29 

0.49±.0S« 


* The values are uvenmes obtained on six adult dogt.. 
a Standard error ot mean. 


that the growth on whole egg involves a higher protein efficiency, more 
protein and less fat being laid down with whole egg than with the wheat 
gluten diets (13). 

Digestibilities and nitrogen balance indexes of gluten from untreated 
and from chlorine tlioxide treated flour were determined in adult dogs, 
the results being r(*corded in Table III. These data demonstrate 
further that the digestibility and the retention of nitrogen in the 
animal is not altered by treating the flour with chlorine dioxide. The 
indexes of this sample of wheat gluten are slightly higher than the 
average of 0,44 previously reported for another sample (14). 


B 


Kic. d* Typu'ul dwtnxiUocphaloKruni Ui dugs obtained alter three weekb (A) and after eight 
wet'ka (B) of f('ediiig chloruic dioxide treated wheat gluten. 


RoiJrcscntiitive samples of electroencephalograms obtained after 
thrcHJ and eight weeks of feeding wheat gluten treated with 1.83 gm. 
chlorine dioxide per hundred weight, are illustrated in Fig. 3. These 
records are typical of normal dogs. No abnormal records were ob¬ 
tained on dogs fed untreated wheat gluten or wheat gluten prepared 
from flour treated with chlorine dioxide. 

Three animals fed the wheat gluten, treated with nitrogen tri¬ 
chloride developed “running fits” within six to ten days. The dogs 
were removed immediately from the diet after the abnormal symptoms 
appeared. Recovery was complete when the animals were placed on 
the control ration. A typical fit pattern from such a dog is illustrated 
in Fig, 4. The heightened activity illustrated is common with d(^ 
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Fig. 4. Typical electroencephalogram in dogs obtained after seven 
days of feeding wheat gluten treated with nitrogen trichloride. 


suffering from running fits and is sometimes recorded in these animals 
several days before clinical symptoms appear. At no time was this 
increased activity noted in the electroencephalograms from puppies 
fed the chlorine dioxide-treated wheat gluten and the clinical symp¬ 
toms of running fits were entirely absent. It can be concluded, there¬ 
fore, that dogs fed gluten prepared from flour treated with chlorine 
dioxide at the level employed in these studies (1.83 gm./cwt.) exhibit 
no abnormalities in cortical activity. 
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INFLUENCE OF BLEACHING ON THE ABSORPTION 
SPECTRA OF BUTYL ALCOHOL EXTRACTS 
OF WHEAT FLOUR ‘ 

Max Milner and \V. W. Dodge 
ABSTRACT 

The spectrophotometric characteristics of water-saturated butyl alco¬ 
hol extracts of wheat flour treated with various concentrations of chlroine 
dioxide and nitrogen trichloride, showed that the so-called residual pigment 
which remains in flour after bleaching with high concentrations of these 
gases is not a carotenoid. This material, probably lipid in nature, has a 
primary absorption peak in the ultra-violet region somewhat below 260 mu. 

In the viable region the effect on this compound of even large dosages of 
chlorine dioxide, nitrogen trichloride, and benzoyl peroxide was minor. 

In the ultra-violet spectrum the effect of these agents was marked. Treat¬ 
ment with benzoyl peroxide in amounts used for normal bleaching was most 
effective in reducing the ultra-violet absorption, whereas very high levels 
of this oxidizing agent intensifled this absorption. 

A previous publication (2) dealing with the influence of physical 
variables on efficiency of flour bleaching with nitrogen trichloride, in¬ 
dicated that massive dosages of this oxidizing gas did not eliminate the 
light absorption characteristics of water-saturated butyl alcohol ex¬ 
tracts of flour samples, when pigment concentration is determined 
spectrophotometrically by the procedure outlined in Cereal Laboratory^ 
Methods (1). Thus, one unbleached flour with a ‘‘carotene” concen¬ 
tration of 2.0 p.p.m. when treated with successively larger amounts of 
this gas showed no color removal beyond 0.65 p.p.m. This color value 
was retained even with dosages which were approximately 100 times 
those normally used in commercial bleaching. This heavily over¬ 
treated flour had assumed an unnatural pink color, was very rancid, and 
did not develop a cohesive dough when mixed with water. 

The present report deals with a spectrophotometric characteriza¬ 
tion of the residual pigment and the effect of treatment with nitrogen 
trichloride, chlorine dioxide, and benzoyl peroxide on the absorption 
spectrum. 

Materials and Methods 

Two unbleached flours commercially milled from average mixes of 
hard red winter wheat were used in this study. Their composition 
was as follows: 

1 Manuscript received April 21. 1950. Contribution No, 178, Department of Milling Induatr>'. 
Kansas Agricultural Exoeriment Station, Manhattan, Kansas. This research vraa supported by a 
grant from Wallace & Tieman Co., Inc., Newark, New Jersey. 
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Flour 

sample 

Protein?- 

Ash? 

"^Carotene'' 

% 

% 

p,p.m. 

A 

10.6 

0.40 

3.3 

B 

10.4 

0.41 

2.7 


^ 14% moisture basis. 


Bleaching with nitrogen trichloride was carried out by a regular 
laboratory procedure previously outlined (2) and flour treatment with 
chlorine dioxide was performed using the acetic anhydride-sodium 
chlorite method recently described (4). Bleaching with benzoyl per¬ 
oxide was accomplished b^" mixing the flour thoroughly with the re¬ 
quired amounts of a commercial preparation consisting of 32% benzoyl 
peroxide in a mixture containing potassium aluminum sulfate and 
magnesium carbonate as inert diluents. 

Extraction of flour pigments with water-saturated N-butyl alcohol 
was carried out by the procedure outlined in Cereal Laboratory 
Methods. The absorption spectra of the extracts measured in terms 
of optical density were determined with the Beckman Photoelectric 
Quartz Spectrophotometer, over the wave length interval from 260 to 





Nov., 19S0 


MAX MILNER AND W. W. DODGE 


503 


600 mu. Readings were taken at intervals not greater than 10 mu 
throughout the spectral range studied. When operating in the ultra¬ 
violet region below 360 mu the mercury vapor radiation source and 
silica cells were used. For convenience in graphical presentation of 
the absorption spectra the data obtained in the ultra-violet region 
below 360 mu are plotted separately from those obtained in the range 
from 360 to 600 mu. 

Results 

The absorption spectra of extracts of unbleached flour *‘A,” and 
of the same flour bleached with various dosages of chlorine dioxide be- 



FiG. 2. Influence of various dosages of nitrogen trichloride (grams pa" 100 pounds) on the 
absorption spectrum of water-saturated butyl alcohol extracts of wheat flour. 

tween 320 and 600 mu, are presented in Fig. 1; similar results obtained 
with nitrogen trichloride treatment are shown in Fig. 2. 

The uppermost curve in both F^. 1 and Fig. 2 in the range from 
somewhat below 400 to 600 mu is the typical absorption spectrum of a 
mixture of xanthophyll p^;ments, carotene, and other closely related 
carotenoid materids known to be present in wheat flour. Treatment 
with increasing ooncentratioas nitrogen trichloride and chlorine 
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dioxide, as would be expected, causes a corresponding elimination of 
this typical spectrum from the flour extracts. It is notable, however, 
that although the largest dosages of nitrogen trichloride and chlorine 
dioxide virtually eliminated the spectra due to the carotenoid pigments, 
the spectrum of another light-absorbing material was revealed, which 
appeared to be almost unaffected by these oxidizing agents. The ab¬ 
sorption intensity of this material increased progressively at wave 
lengths below 500 mu, and was particularly strong as the ultra-violet 



I_I_ - 

300 400 500 600 

WAVELENGTH-mp 


Fig. 3. Influence of various dosages of different bleaching agents (grams per 100 pounds) on the 
absorption in the visible spectrum of \vater<saturated butyl alcohol extracts of wheat flour. 


region was approached. The spectrum of this compound in the visible 
range appeared to be unaffected by the very high concentrations of the 
bleaching gases applied. This absorption was obviously due to the 
so-called residual pigment in flour which remains after the complete 
removal of the carotenoids. It exhibited significant light absorption 
at a wave length of 435.8 mu which is that used in the method for 
pigments prescribed in Cereal Laboratory Methods (1). 

The apparently refractory nature of this reddual material in the 
visible range of the spectrum whe^se the carotenoids absorb most 
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strongly, suggested that an examination in other regions of the spectrum 
might disclose alterations due to high treatment rates. For this study 
the “B** flour was used. This flour was bleached with nitrogen tri¬ 
chloride at the rate of 250 gm./cwt. and with chlorine dioxide at the 
rate of 24 gm./cwt. These treatments were approximately 100 times 
the normal commercial levels. In addition, a sample was treated with 
benzoyl peroxide mixture at the normal rate of 5 gm./cwt. as well as 
at 500 gm./cwt. The absorption spectra in the visible range between 



Fig. 4. Influence of various dosages of different bleaching agents (grains per 100 pounds) on the 
absorption in the ultra-violet spectrum of water-saturated butyl alcohol extracts of wheat flour. 


360 and 600 mu of the extracts of the treated and untreated flours 
prepared several days after treatment are shown in Fig, 3, and the 
spectra in the ultra-violet region from 250 to 360 mu are shown in Fig. 
4. The data in Fig. 4 were obtmned by diluting the original extracts in 
the ratio of 1:4. The absorption characteristics at wave lengths 
shorter than 260 mu could not be determined due to the strong ab¬ 
sorption below this wave length by the solvent itself. 

The data of Figs. 3 and 4 indicate that benzoyl peroxide in normal 
concentrations apparently po^esses an efficiency in oxidizing the caro- 
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tenoid pigments comparable to that of nitrogen trichloride and chlorine 
dioxide. At the 100-fold normal level of treatment the spectra of the 
extracts from the benzoyl peroxide and nitrogen trichloride-treated 
samples are similar as regards shape and intensity when the wave 
length region characteristic of the carotenoid pigments is considered. 
However, similar treatment with chlorine dioxide appeared to cause a 
definite alteration in the absorption band of the residual pigment. In 
this case the absorption curve was similar in shape but was signifi¬ 
cantly reduced in intensity. 

In comparison to the minor effect of the residual pigment on the 
absorption spectrum at wave lengths above 360 mu, the changes below 
360 mu were marked (Fig. 4). Treatment with high levels of nitrogen 
trichloride and chlorine dioxide caused a narrowing and elevation of 
the absorption peak in comparison to that due to untreated flour. 
Benzoyl peroxide mixture at dosages of S and SO gm./cwt. caused a 
drastic and nearly equal reduction in absorption intensity, whereas the 
500 gm. treatment with benzoyl peroxide mixture resulted in a very 
marked intensification of the absorption band. These results indicate 
that normal dosages of benzoyl peroxide are more efficient than are 
nitrogen trichloride and chlorine dioxide in the destruction of the 
ultra-violet light-absorbing pigment, but that extremely massive 
dosages of this chemical apparently cause formation of a derivative 
which heis much stronger light absorption characteristics. 

Discussion 

The present study indicates that the so-called residual pigment 
whose absorption is virtually unaltered at 435.8 mu when bleached 
with nitrogen trichloride and chlorine dioxide, has a primary absorption 
band in the ultra-violet region centered somewhat below 260 mu. 
This absorption peak was noted a number of years ago in ethyl alcohol 
extracts of wheat (3) and probably is due to sterols or other materials 
related to fats. 

It is probable that two effects are responsible for the changes in the 
absorption spectra observed in the region from 360 to 260 mu. Cer¬ 
tain modes of oxidation may produce substances from carotenoid pig¬ 
ments exhibiting low absorption in the region where carotenoid ab¬ 
sorption is normally high (440 to 500 mu) and high absorption in the 
ultra-violet. Similarly, the nature of the oxidant employed may 
differentially affect the lipid fraction in the two spectral regions. It is 
probable that nitrogen trichloride and chlorine dioxide which had no 
detectable influence on the absorption spectrum of the lipid fraction 
(residual pigment) in the carotenoid absorption range, would also have 
little effect on this fraction in the ultra-violet region, and that the 
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changes in spectral characteristics in the latter range are due to caro¬ 
tenoid oxidation products. Similarly benzoyl peroxide in the lower 
range of concentration (5 gm. and SO gm.) probably yields carotenoid 
oxidation products of reduced absorbing power in the ultra-violet 
region. On the other hand, very high dosage of benzoyl peroxide 
(500 gm.) probably causes profound oxidative changes in the lipid 
fraction, yielding the very high absorption noted in this region.^ 

The present studies suggest that the efficiency of benzoyl peroxide 
as a flour bleaching agent is about the same as that of the gaseous 
agents, nitrogen trichloride and chlorine dioxide, when the removal of 
the carotenoid pigments only is considered. It is of interest, neverthe¬ 
less, that this reagent is considerably more efficient than are the gase¬ 
ous materials in reducing the radiation-absorbing intensity of materials 
which absorb primarily in the ultra-violet region. 

These results suggest that further studies are needed to clarify the 
differences in the effects of nitrogen trichloride, chlorine dioxide, and 
benzoyl peroxide on the isolated pigments and other radiation-absorb¬ 
ing compounds of wheat. 
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STUDIES ON A RAPID TEST FOR THE VIABILITY 
OF CORN FOR INDUSTRIAL USE^® 

Peggy D. Baird, M. M. MacMasters, and C. E. Rist 

ABSTRACT 

The 2,3,S-triphenyltetrazolium chloride test for viability is suggested 
as a means of detecting com kernels that have been killed by high tempera¬ 
ture during drying or by freezing, and for determining the percentage of dead 
kernels in com before purchase. The test with the reagent is simple and 
requires only four hours for completion. 

Corn processors have long needed a rapid test to determine, before 
purchase, the suitability of grain for their use. In the past few years 
this need has grown as the result of the increasingly prevalent practice 
of drying corn artificially. Several factors have contributed to make 
artificial drying a more common practice, chief of which is the present 
widespread use of mechanical com pickers. Harvest with a com 
picker is completed in about one-third, or less, the length of time form¬ 
erly required for hand picking. Hence much of the com has less time 
to dry in the field. 

The number of publications on the structure and use of com driers 
is witness to the prevalent need for drying com before it is stored. No 
problem would exist if recommendations (3, 4,10) were heeded, but a 
tendency to use too high temperatures, both on the farm and at 
elevators, persists. 

Some com wet millers have been loathe to purchase corn from a 
county in which a commercial drier was known to be operating because 
over-heating during drying damages corn for starch production. 
Processors have stated that dead com is undesirable for the production 
of starch. These facts, together with the experience of seed com pro¬ 
ducers that over-heating destroys viability, led to the investigation of 
a test for viability of com which might serve to indicate the value of 
the com for industrial processing. The present data are presented as 
a progress report. 

Materials and Methods 

Viability Test. The viability test with 2,3,5-triphenyltetrazolium 
chloride, which was developed and applied to com by Lakon (5, 6 ,7), 
was selected because the reagent gives an easily discerned carmine red 

1 Manuscrij^t received May 19,19S0. 

* Contributioa from the Northern Regional Research Laboratory, Peoria, Uiinois. One of the 
laboratories of the Bureau of Agricultural and Industrial Chemistry, A^cultuxal Research Administra¬ 
tion, U. S. Department of Agriculture. ^ 
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color to living portions of the germ. Lakon and others have described 
the test as requiring a total of 7 to 18 hours for completion. Our pre¬ 
liminary experiments had shown that the total time required could be 
reduced to a maximum of about 4 hours. One hundred kernels of the 
corn to be tested were soaked for from 1 to 2 hours in distilled water. 
The shorter period was used when soft com® was tested, the longer 
when naturally or artificially-dried com was being examined. After 
soaking, each kernel was bisected longitudinally perpendicular to the 
broad face. The cut was made with a sharp razor blade while the 
kernel was held under distilled water. Bisecting under distilled water 
tended to prevent the formation of a deposit over the cut surface. 

One half of each kernel was laid, cut side down, in a petri dish con¬ 
taining sufficient 1% aqueous triphenyltetrazolium chloride solution 
to cover the kernel pieces. The dish was then placed in a dark cabinet 
at room temperature for from 1 to 1hours. The kernel pieces were 
then examined to determine viability. The variation between dupli¬ 
cate samples was within the range, 0-5%. 

The viable parts are colored carmine red by this procedure. In 
strongly viable com, (i.e., kernels which will give vigorous seedlings), 
the entire germ, composed of the embryonic plant and the scutellum, is 
colored. There are certain instances, however, when only portions of 
the germ are colored yet the seed is still viable. Typical staining pat¬ 
terns of kernels bordering between viability and non-viability are shown 
in Fig. 1. It is these patterns which are most difficult to interpret and 
which, therefore, require the deepest coloration with the reagent. In 
such cases, the red color appears (1) in all parts of the scutellum, and 
in all of the embryonic axis except the radicle (the embryonic root); 
(2) in only the medial zone of the scutellum, and in all of the embry¬ 
onic axis (Fig. 1-2); and (3) in only the medial zone of the scutellum, 
and in all but the radicle of the embryonic axis (Fig. 1-3). If only 
strongly viable corn is considered to be suitable for use, the period of 
contact of the kernel pieces with the reagent can be limited to 30 min¬ 
utes. In this case only those pieces which show a pink color over the 
entire cut surface of the germ would be counted as viable. 

In cases of urgency at least a close estimate of the viability of com 
can be made with triphenyltetrazolium chloride in only one hour. The 
com is bisected without the preliminary soaking, and the viability is 
determined after a one-hour staining period. There is some mechanical 
difficulty in bisecting the hard kernel. The resulting damage to the 
cells sometimes causes formation of a heavy scum which must be re¬ 
moved before the viability of the kernel is determined. 

» “The term soft corn can be applied properly to any com that is soft and watery, in contrast to the 
relatively hard dry kernels of ears as they are cribbed under ordinary conditions” (9). 
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Fig. 1. Typical coloration of com germ in border>lme cases. Shaded portion 
represents the area colored carmine red by the test. 

1. Viable—surface tissues which do not readily take up the reagent exposed by improper bisection. 

2. Viable—medial ixntion of scutellum and embryomc axis colored. 

3. Viable—all colored except radide and lower scutellum. 

4. Non-viable—no part of embryonic axis colored. 

5. Non-viable—4 Isderal bud uncolored. 

6. Non-idable—plumule uncolored. 

7. Non-viable-^tize scutellum uncolored. #r 

8. NoiHviable—^mesocotyl region uncolored. 

9. Non-viable—stxeakedt wiu no essential part completely colored. 
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Care must be taken in bisecting the kernels. If the upper portion 
of the embryonic plant is not cut through, surface tissues may be ex¬ 
posed which do not readily take up the reagent (Fig. 1-1). 

In testing corn heavily contaminated with bacteria, a colored de¬ 
posit may form over the cut surface. This deposit need not interfere 
with the test; it can be scraped away before the kernel is examined (7). 

The reagent solution is sensitive to light, but it can be kept for 
several months in a dark bottle stored in a refrigerator. It is colorless 
when prepared; appearance of a dark amber color indicates that it is 
no longer useful (7). 

Corn which has previously been frozen often gives a purplish-red 
color, rather than the usual carmine red, when treated with the reagent. 

Standard germination tests were run on each sample as a standard 
in judging the accuracy of the triphenyltetrazolium chloride test. 
One hundred kernels were placed between moist layers of cheesecloth, 
or similar material, and the precent of kernels germinated was deter¬ 
mined at the end of 5 to 7 days. This standard germination test usu¬ 
ally agreed with the color test for viability within 10%. 

Corn Tested, Four samples of naturally soft, shelled com, not 
moldy, containing from 18.6 to 30.3% moisture, were dried immedi¬ 
ately upon receipt at several temperatures, at 10® intervals from 110® 
to 220®F., to approximately 13% moisture content, each in 1 X S X 
S-inch containers made of quarter-inch wire cloth, which were filled 
and placed in a forced-draft oven maintained at the required tempera¬ 
ture. One sample was also obtained after commercial drying, and 
one which had been dried artificially on a farm. 

Attempts were made to increase the number of samples by temper¬ 
ing naturally-dried com to a higher moisture content. These were 
abandoned when it was found that soft corn and tempered com of the 
same moisture content behaved dissimilarly as to viability even during 
short periods of storage. 

Processing, The laboratory wet-milling process method used was 
that described by Cox, MacMasters, and Hilbert (2). In most cases, 
the steeping solution contained 0.15% sulfur dioxide; more rarely a 
0.10% sulfur dioxide solution was used. 

Results and Discussion 

Under the conditions of drying used, temperatures above approxi¬ 
mately 120® to 140®F., depending upon the individual sample, greatly 
decreased the viability of the com. Typical data are shown graphically 
in Fig. 2. A correlation between viability and ease of processing of 
com is strongly suggested, since Shedd (10) and Hukill (4) state that 
com dried at temperatures abov^ 130®F. is damaged for at least certain 
types of processing. 
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It is known, although too often overlooked in drying practice, that 
the effect of dr>dng temperature upon viability is influenced by the 
moisture content of the grain (3, 8). This may explain some results 
which are otherwise anomalous from the standpoint of both viability 
and ease of processing. 

It is impossible to draw final conclusions from the small number of 
samples which were processed. Certain observations made during the 
laboratory processing studies suggest possible effects of drying tem¬ 
perature upon the processing behavior of com. Corn dried at temper¬ 
atures above approximately 130®F. usually gave harder grits and more 



rubbery germ than that dried at lower temperatures. While no germ 
flotation was attempted, it was noted that the rubbery germs tended 
to sink when suspended in the ground com slurry. There was also a 
marked tendency for oil to be found in starch separated from the over¬ 
heated com. The reported difficulty in the industrial processing of 
artificially-dried com may well be attributable, therefore, to the fact 
that but little attention has been given in the past to control of the 
temperature when drying corn destined for use other than as seed. 

Freezing, as well as over-heating, may decrease the viability of com. 
In the present experiments, it was found that corn containing more than 
about 23% moisture after being frozen, decreased rapidly in viability. 
At lower moisture contents of the coyi, the decrease in viability after 
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freezing was relatively slow. Development of a purplish-red color 
during the triphenyltetrazolium chloride test has been observed only 
in corn which has previously been frozen (cf. 1). Some frozen com, 
however, gives a carmine red color with the reagent, hence the test is 
not specific for the detection of corn damaged by freezing. 

There are no figures available on the actual economic disadvantage 
of processing dead corn. However, industrial experience leads to the 
definite conclusion that dead com causes departures from normal 
milling results. Corn dried at temperatures too high gives poor qual¬ 
ity and low yields of starch when wet milled. Here, too, the germ has 
been killed and the determination of viability may give an indication 
of milling quality. A means of determining the condition of commer¬ 
cial com is therefore of direct economic importance. 

On the basis of the knowledge at hand, the test for viability with 
2,3,5-triphenyltetrazolim chloride solution appears to offer promise for 
the determination of the industrial suitability of corn as offered for 
sale. This test requires no complicated equipment, relatively little 
time, and a minimum of technical knowledge on the part of the opera¬ 
tor. 
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COMMUNICATION TO THE EDITOR 


Stabilization of Solutions of Wheat Gluten in Dilute Acetic 
Acid by Brief Heat Treatment 


Sir: 

Rose and Cook (5) first reported that solutions of wheat gluten in 
dilute acetic acid are unstable. Evidence for the instability was a drop 
in viscosity over a period of time. Hydrolytic changes were also meas¬ 
urable (1). Olcott, Sapirstein, and Blish (4) concluded that the changes 
were catalyzed by a heat-sensitive enzyme, since the solutions were 
almost completely stabilized by heat treatment (5-10 minutes at 100°). 
This observation suggested that acetic acid solutions of wheat gluten 
to be used in research investigations should be heat-treated as soon as 
possible after their preparation to destroy the enzyme. 

A simple set-up for accomplishing this end has been used routinely 
in this laboratory for the past 8 years (Fig. 1). The rate of flow of the 
gluten solution is regulated either by means of the clamp or by adjust¬ 
ing the height of the reservoir. In two sets of early experiments it was 
shown that the gluten solution need be heated for only a very brief 
period to achieve stabilization. Data are shown in Table I. With 
the most rapid flow the gluten solution was in the steam chamber only 
11 seconds. However, it was not possible, even with the more severe 
treatments, to stabilize the solutions completely. The cause of the 

TABLE I 



Rate of 
Flow 

Time in 
Steam 
Chamber 

Kanematic Viscosity after Elapsed Time 
in Days at 25’’ 

Total 

Decrease 

Exp. F 

ml./min. 

Control 

min. 

0 

2.48 

1 

1.98 

3 

1.66 

5 

1.55 

0.93 

31 

7 

2.31 

2.29 

2.26 

2.22 

.09 


90 

2.3 

2.46 

2.41 

2.35 

2.32 

.14 


220 

1 

2.50 

2.46 

2.41 

2.38 

.12 

Exp. II* 

Ck)ntrol 

— 

3.91 

3.19 

— 

2.44 

1.47 

17 

2.3 

3.92 

3.72 

3.62 

3.59 

.33 

j 

44 

0.91 

4.08 

3.85 

3.71 

3.66 

.42 


90 

0.44 

4.18 

3.93 

3,78 

3.74 

.44 


210 

0.19 

4.19 

3.91 

3.76 

3.68 

0,51 


^The original solution contained 4.2% gluten (N X 5.7) in 0.1 N acetic acid. After heat treat* 
ment. the vattous samples trere diluted 'with an equal volume of 0.1 acetic add for the viscosity deter¬ 
minations. Volume m the steam chamber, 210 xnL 

* Gluten waa dissolved in 0.05 N acetic add solution, to make approximatdy 3.5% solution (pH 
4,0). Vbhune of steam chamber, 40 ml. ^ 
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Fig. 1. Apparatus used for continuous rapid heat treatment of gluten solutions. 


slow but significant drop in viscosity of heated solutions is not known. 
Microbiological contamination was suspected but it was found that no 
organisms could be detected in stained smears of the solution and also 
that the presence of Merthiolate as a preservative did not change the 
ra1;e of fall of viscosity. 

Xu^sena (2) and Lusena and Adams (3) have recently published 
methods' for obtaining diy- gluten preparations by freeze- or spray¬ 
drying acetic acid dispersions of the gluten. The adoption of the heat- 
treatment step in their procedures would result in more imiform pro¬ 
ducts, insofar as the magnitude of degradative changes during sub¬ 
sequent handling would be diminished. 
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BOOK REVIEWS 

A Gennan-English Dictionary for Chemists, 3rd edition, by Austin M. Patterson. 
541 pp. John Wiley and Sons, Inc., New York, Chapman and Hall, Ltd., 
London. Price $5.00. 

This book is designed chiefly for chemists and chemical engineers but it is also 
useful for workers in other fields of science such as physics, biolo^’ and geology*. 
Compared with the second edition which had 42,000 entries, this third edition has 
59,000. The increase has resulted partly from additional meanings to words listed 
in the former edition, but chiefly from new additions in the fields of chemical tech¬ 
nology, electronics and T^-arfare. Still carrying a good vocabulary of general words, 
this dictionary, which is well-printed, serves as a great stand-by for all except the 
experts in the language who are interested in German scientific literature. 

F. SmxH 

Division of Agricultural Biochemistiy* 
University of Minnesota 
St. Paul 1, Minnesota 

August 3, 1950 


“A Textbook of Biochemistry.” By Philip H. Mitchell. 2nd edition, 1950. McGraw- 
Hill Book Co., Inc. $6.00. xvii + 695 pp. 

The second edition of this generally well-accepted book retains the arrangement 
and sequence of subject matter used in the first edition published in 1946. The 21 
chapters of the book deal with carbohydrates, ijhotosynthesis, fats and related sub¬ 
stances, proteins and amino acids, nucleojjroteins and nucleic acids, the vitamins, 
enzymeSf digestion, absorption and detoxication, blood and lymph, chemistry of 
respiration and acid-base balance, biological oxidation, calorimeta^’' and energy metab¬ 
olism, carbohydrate metabolism, metabolism of lipids, protein metabolism, urine, 
composition of foods: dietetics, the chemistry’’ of animal tissues, chemistry of the 
hormones, and chemotherapy. As might be gathered from the table of contents, the 
subject of biochemistry in this book is treated almost exclusively from the standpoint 
of animal biochemistry and the chapter on photosynthesis appears to be almost 
superfluous in this context. The second edition covers 55 pages more than the first 
but this enlargement is accounted for in part by the greater marginal spaces ori each 
page and the expansion in text is partly compensated by a regrettable abbreviation 
of the subject index. 

According to the author ^‘Emphasis in’'this text has been given and major space 
allotted to such subjects as the constitution and activities of enz3mies, the intermedi¬ 
ary reactions of anabolism and catabolism and the vital significance of hormones and 
vitamins.” In spite of this avowed purpose of the book, most of the material in the 
second edition has not been greatly changed to reflect the tremendous research activity 
and progress which have taken place in the four year interval between the first and 
second edition. Thus, the highly siraificant study of localization of enzymatic 
and other cellular constituents in such particles as mitochondria, microsomes and 
nuclei appears to be overlooked. The paragraph on page 660 on the outlook in 
chemotherapy remains essentially unchanged from the first edition in spite of the 
great advances which have been made in this field. The treatment of the present 
concept of high energy phosphate bonds is extremely sketchy and the reactions con¬ 
cerned in their r^eneration are almost completely neglected. The reaction between 
phosphopyravic acid and ADP (p. 441) is still pictured as being irreversible. In the 
second edition many errors occurring in the first edition have been eliminated while 
others unfortunately appear unchanged. Thus, “Dimedon” is erroneously referred to 
on page 55 as ‘^dimethylhydroxjTesorcinor’; the Reichert Meissl number is described 
as a measure of the ^‘voktile fatty acid content of a fat” and decanoic acid is in¬ 
cluded among the acids contributing to it (p. 77). On page 365 the carbohydrate 
component of coenzyme I is written with the formula of D-lyxose but is labeled as 
D-ribose. ^ 
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A very admirable feature of Dr. Mitchell’s book is the numerous references to 
review articles and to research papers given at the end of each chapter, but here, too, 
the reviewer feels that many of the older references could have profitably been re¬ 
placed by those which would guide the student to the more recent work. In spite of 
the shortcomings which have been pointed out. Dr. IMitchell’s book is particularly 
suitable for use by nonmedical students of biochemistry. The reviewer, for instance, 
will continue to recommend its use for supplementary reading to a class of under¬ 
graduate students taking a course in “animal biochemistry.” 

The physical makeup of the book and the binding are good and few typographical 
errors have been noted, 

M. O.^^HULTZE 

Division of Agricultural Biochemistry 
University of Minnesota 
St. Paul 1, Minnesota 

September 28, 1950 


ERRATA 

Cereal Chemistry, Vol. 27, No. 5 
(September, 1950) 

Page 370. In revising their manuscript, Irvine et al. made certain changes in Table 
II, page 371, but unintentionally overlooked alterations in the text in which 
these data are discussed. Paragraph two should read: 

“Table II lists data for the mking reaction. The rate of the mixing reac¬ 
tion is largely independent of pigment level and varies, less widely than 
the rate of the initial reaction for the samples studied, from 0.300 to 0.501 
p.p.m. per minute, a factor of slightly less than two. Cyanide inhibits the 
rate of mixing reaction for four of the six varieties as much as 53%; over¬ 
all inhibition of the reaction to ten minutes mixing by cyanide is marked 
for all of the varieties tested, and varies from 27 to 52%. Inhibition of 
the mixing reaction by 30% alcohol is ver>' marked in all cases, ranging 
from 70 to 100%, and the net balance between acceleration of the initial 
reaction and inhibition of the mixing reaction after ten minutes of mixing 
shows an over-all inhibition in all cases, varying from 17 to 41%. 

Please make the following corrections in the paper by Fifield et aL: 

Page 388. Line 11, for “17” read “77.” 

Page 389. Line 9, for “load" read “loaf.” 



Nov., 19S0 


CEREAL CHEMISTRY 


519 


Cereal Chemistry 


EDITORIAL POLICY 

Cereal Ckemistry publishes scientific papers* dealing -with raw materials, processes, or products of 
the cereal industries, or with analytical proc^ures, technological tests^ or fundamental research, related 
thereto. Papers must be based on original investigations, not previously described elsewhere, which 
make a definite contribution to existing knowledge. 

Cere<d Chemistry mves preference to suitable papers presented at the Annual Meeting of the 
American Association of Cereal Chemists, or submittra directly by members of the Association. When 
^ace permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, condse, and styled for Cereal Chemistry, 


Manuscripts for publication diould be sent to the Editor in Chief. Advertising rates may be 
secured from and subscriptions placed with the Managing Editor, University Farm, St. Paul 1, 
Minnesota. Subscription rates, $9.00 per year. Foreign postage, SO cents extra. Single copies, 
$2.00; foreign, $2.10. 


SUGGESTIONS TO AUTHORS 

GeneraL From January 1, 1948, an abstract will be prmted at the beginning of 
each paper instead of a summary at the end, references will be numbered to provide 
the option of citing by number only, and date of receipt, author’s connections, etc., 
will be shown in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
**On Writing Scientific Papers for Cereal Chemistry” (Trans, Am, Assoc, Cereal 
Chem. 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 8i by 11 inch white paper, and all origM drawings or photographs 
for figures. If possible, one set of photographs of figures should also be submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers* 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The title footnote shows “Manuscript received . . 
and the name and address of the author’s institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. ^ 

Abstract. A concise abstract of about 200 'words follows title and authors. It 
should state the principal results and conclusions, and should contam, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these c^ often be 
dted more advantageously throughout the text than in the introduction. Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be dted instead. ^ 

References are arranged and numbered in alphabetical order of authors names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be dted in the 
text, but authors’ names and year may be dted also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40: I—CCIX. 1946. 

Organizatioxi. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowle<^ents, and literature 
dted. Alternately, a group of related studies, each made with different materials 
or methods, may require a separate section for each study, with subsections for mate¬ 
rials and methods, and for results, under each section. Center headings are used for 
main sections and italidzed run-in headings for subsections, and headings should be 
restricted to these two tSTPes only. 
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Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer¬ 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side heading should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables should be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing “(TABLE I)*' in the appro¬ 
priate place between lines of the text. (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts- 
Aan. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable; curves should be drawn heaviest, axes or frame intermedi¬ 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

All drawings should be made about two to three times eventual reduced size with 
India ink on white paper, tracing linen, or &/«^-lined graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be A to 1th inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc¬ 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and Tables” 
(Trans, Am, Assoc, Cereal Chem, 3: 6^104. 1945) amplifies these notes. 

Text Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequences for paragraphs and for sentences within paragraphs, and a skill¬ 
ful use of headings and topic sentences are the greatest aids to clarity. Clear phras¬ 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the definite 
to the vague. Trite circumlocutions and useless modifiers are the main causes of 
verbosity; they should be removed by repeated editing of drafts. 

Editorial Style. A.A,C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary, A few points 
which authors often treat wrongly are listed below; 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than “per cent” is used following figures. All units are abbre¬ 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5®-10® C.). Place 0 before the decimal point for correlation co¬ 
efficients (r = 0.95). Use * to mark statistics that exceed the 5% level and ** for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/(B + C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 
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Com 

Dryin|;, effect of temperature on 
filing (Baird, MacMasters, and 

Rist). 508 

on viability (Baird, MacMasters, 

and Rist). 508 

Endosperm, properties in relation to 
hardness (Bennett). 232 
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Corn (Continued) 

Hardness, relation to kernel struc¬ 
ture (Bennett).232 

Hybrids, Ohio, pantothenic add 
content (Hunt, Rodriguez, and 

Bethke). 149 

Inbred lines 

niftdn and pantothenic add in 
(Rodriguez, Hunt, and Bethke) 67 
protein content (Rodriguez, Hunt, 


and Bethke). 67 

Kemd hardness 

machine for testing (Bennett).... 222 
microscopical examination (Ben¬ 
nett). 232 

Meal, iron content determination 
(S 2 alkowski and Frediani). 140 


Milling effect of drying temperature 
(Baird, MacMasters, and Rist).. 508 
'Niadn content 

in normal and moldy (Hunt, 
Rodriguez, Bethke, and 

Thomas). 342 

in Ohio hybrids (Hunt, Rodriguez, 

and Bethke). 149 

relation to soil treatment (Hunt 


Rodriguez, and Bethke). 79 

Pantothemc add content 
in normal and moldy (Hunt, Rod¬ 
riguez, Bethke, and Thomas).. 342 
in Ohio hybrids (Hunt, Rodriguez, 

and Bethke). 149 

relation to soil treatment (Hunt, 

Rodriguez, and Bethke). 79 

Proteins 

extraction with aqueous detergent 
solutions (Foster, Yang, and 

andYui).477 

electrophoretic analysis (Foster, 

Yang, and Yui). 477 

Riboflavin content, relation to soil 
treatment (Hunt, Rodriguez, and 

Bethke). ^9 

Storage 

mold growth (Bottomley, Christ¬ 
ensen, and C^des).271 

temperature, humidity and oxygen 
concentration studies (Bottom- 
ley, Christensen, and G^des).. 271 
Structural properties, relation to 

hardness (Bennett). 232 

Sweet 

niadn content in relation to 
maturity (Hunt, Rodriguez, 

and Bethke). 157 

pantothenic add in relation to 
maturity (Hunt, Rodriguez, and 

Bethke). 157 

Thiamine content, rdation to soil 
treatment (Hunt, Rodriguez, and 

Bethke). 79 

2, 3, 5-Triphenyltetrazolium chlo- 
rkie test for viability (Baird, Mac- 

Masters, and Rist).508 

Viability test (Baird, MacMasters, 

and Rist). 508 

Vitamins 

Influence of soil treatment (Hxmt, 

Rodriguez, and Bethke). 79 

in protdns of inbred lines (Rodri¬ 
guez, Hunt, and Bethke). 67 

Cnun, see Bread crumb 


Cyanide 

Potassium, as flour pigment de¬ 
struction inhibitor (Irvine, Wink¬ 
ler, and Anderson). 367 

Sodium, as amylase inhibitor (Roy 

and Underkofler).404 

Cystme 

In various wheat varieties (Miller, 
k Seiffe, Shellenberger, and Miller). 96 

In wheat flour, rdation to dough 
properties (Wdstmann). 391 

Detergent solutions for extracting com 


proteins (Foster, Yang, and Yui). 477 
2, 4-Dichlorophenozyace1ic acid, see 
Plant growth stimulants 
Dough 

Effect of wheat flour pentosans 

(Pence, Elder, and Mecham). 60 

(^ssing rate, see C^s production in 
dough 

Ph 3 r 8 i^ properties, relation to 

csrstine content (Wdstmaim).391 

Dry ice, effect on qu^ty of immature 
wheat (Milner and Johnson).358 

Electrophoretic analysis of soybean 

protein (Briggs and Mann).243 

- (Mann and Briggs). 258 

Emulsifiers, Bread, See Bread emulsi¬ 
fiers 


Fermentation, automatic dectrical 
recording presauremeter for meas- 
uring gas production (Redfem).. 451 
Fertilizers, effect on vitamin content of 


cereals (Hunt, Rodriguez, and 

Bethke). 79 

Flour 

Alpha-Amylase activity, effect of 
fungal enzyme concentrate (C^nn, 

Johnson, and Miller). 191 

Amylases, effect of polyoxyethylene 
monostearate (Mamett and Sd- 

man).349 

Baking quality, rdation to cystine 
content (Wdstmann).391 


Bleaching, see Bleaching flour 
Cake, see Cake flour 
Cookie, see Cookie flour 
Cystine content, relation to dough 


properties (Wdstmann). 391 

Improvers 

ammonium persulfate 
effect on dogs (Arnold and 

Goble). 375 

experiments with (Doty and 
Sherwood). 409 


chlorine dioxide, effect on nutri¬ 
tive value of gluten (Allison, 
White, Ajemian, and Roth).... 495 
compari^ of nitrogen trichlo¬ 
ride and ammonium persulfate 


(Doty and Sherwood).409 

I>ota8sium iodate, decomposition 
during baking (Conn. Hollen¬ 
beck, Rosenblum, and Wood¬ 
bury). 296 

Iron content, determination (Szal- 

kowski and Frediani). 140 

Mold growths, numb^ kinds and 
^ source (Christensea and Cohen).. 178 
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Flour {Continued) 

Maturing agents, see Flour, Im¬ 
provers 

Nutritive value, effect of chlorine 
dioxide (Allison, White, Ajemian, 

and Roth).495 

Particle size, effect on cake properties 
(SheUenberger, Wichser, and 

Lakamp). 106 

Pentosans, preparation for use in 
reconstituted dough (Pence, Elder, 

and Mecham). 60 

Potassium iodate, decomposition 
during bread baking (Conn, Hoi- 
lenbedc, Rosenblum, and Wood¬ 
bury). 296 

Protem 

cystine content in rdation to 
dough properties (Wfistmann). 391 
relation to loaf volume (Fifield, 

Weaver, and Hayes). 383 

Proteinase activity, effect of fungal 
enzyme concentrate (Conn, John¬ 
son, and Miller). 191 

Riboflavin, effect of ammonium 
persulfate (Doty and Sherwood). 409 
Soybean flour additives (Finney, 

Bode, Yamazaki, Swickard, and 

Anderson). 312 

Starch, dextrinization, effect of poly¬ 
oxyethylene monostearate (Mar- 

nett and Sdman). 349 

Storage, effect of ammonium per¬ 
sulfate (Doty and Sherwood)-409 

Thiamine content, effect of ammoni¬ 
um persulfate (Doty and Sher¬ 
wood)....409 

Fungal enzyme concentrate, as alpha- 
amylase supplements (Conn, John¬ 
son, and Miller). 191 

Gas production in dough, pressure- 
meter for measuring (automatic 

dectric recording) (Redfem).451 

Geddes, 'William Findlay and his work 

(AIco(^).27 No. 6, Suppl. 

Glutamic add, in various wheat 
varieties (Miller, Seiffe, Shellen- 

borger, and MiUer). 96 

Gluten (wheat, unless specifically 
named) 

Acetic add soultions, stabilizing by 

heat treatment (Olcott). 514 

Amino add composition 
of various wheat varieties (Pence, 
Mecham, Elder, Lewis, Snell, 

and Olcott). 335 

of wheat and carob (Rice and 

Ramstad).238 

Barley, preparation (Cunningham 

and Anderson).344 

Carob, amino add composition (Rice 

and Ramstad).238 

Dispersions, 

critical concentrations of i .ter- 

ferin^ salts (Lusena).. 167 

in acetic add (Lusena). 167 

Dried 

preparation 

from acetic add solutions (Lu¬ 
sena). 167 

spray dr 3 dng (Lusena and 

Adams).. 186 

properties (Lusena).. 


Glvten {Continued) 

Effect of chlorine dioxide on nutri¬ 
tive value (Allison, White, Aje¬ 
mian, and Roth).495 

From different flours, amino add 
composition <Pence, Mecham, El¬ 
der, Lewis, Snell, and Olcott)_335 

Nutritive value, effect of chlorine 
dioxide (Allison, White, Ajemian, 

and Roth).495 

Quality, index for (Fifield, Weaver, 

and Hayes).383 

Rye, preparation (Cunningham and 

Anderson). 344 

Glycerides, mono-, see Monoglycerides 
Glyceryl monostearate, effect on rate of 
bread crumb finning (Edelmann, 

Cathcart, and Berquist). 1 

Glydnin of soybean proteins (Briggs 

and Mann).243 

Grains, hardness testing madiine 
(Bennett).222 

Hardness 

Machine for testing grains (Bennett) 222 
Of com 

machine for testing (Bennett).... 222 
microscopical examination (Ben¬ 
nett).232 


Iodine, Radioactive, see Radioactive 
iodine 

Iron in cereals and cereal products, 
determination (S 2 ^kow 8 ki and 
Frediani). 140 

Lactose in bread, determination (Choi, 

Tatter, and O'Malley).398 

Lard, effect on crumb fir^ess (Edel- 
mann, Cathcart, and Berquist).. 1 

Loaf volume 

Effect of dry ice treatment on im¬ 
mature wheat (Milner and John¬ 
son). 358 

Relation to protein content of flour 
(Fifidd, Weaver, and Hayes).... 383 

Ljrsine, in various wheat varieties 

(Miller, Seiffe, SheUenberger, and 
Miller). 96 

Macaroni 

Color 

factors affecting (Irvine and 

Winkler). 205 

- (Irvine, Winkler, and An¬ 
derson).367 

Iron content, determination (Szal- 

kowski and Frediani). 140 

Kinetic studies of pigment destruc¬ 
tion during mixing (Irvine and 

Winkler). 205 

Pigment destruction 
alpha-naphthol inhibitor (Irvine, 

Winkler, and Anderson).367 

cyanide iiihibitor (Irvine, Wink¬ 
ler, and Anderson). 367 

during mixing (Irvine and Wink¬ 
ler). 205 

varietal differences (Irvine, Wink¬ 
ler, and Anderson).367 

Magnesium nitrate, as ashing aid in 
determining iron in cereals (Szal- 
kowski and Frediani). 140 
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Malt amylases, see Amylases. Malt 
Methioxdbae, in various wheat varieties 
(Miller, Seiffe, Shellenberger. and 

MiUer). 96 

Milk, dried nonfat 
Effect on crumb firmnestt (Edelmann, 

Cathcart, and Berquist;. 1 

For improving nutritional value of 
white bread (Seeley, Ziegler, and 

Sumner). 50 

In bread, determination (Choi. 

Tatter, and O’Malley).398 

Milling of grain sorghum (Zipf, An¬ 
derson, and Blotter).463 

Mold amylases, see Amylases, Alpha, 
fungal 
Molds 

Growth in stored com at various 
temperatures, humidities and oxy- 
^ gen content (Bottomley, Christen¬ 
sen, and Geddes). 271 

In dour, numbers, kinds, and sources 

(Christensen and Cohen).178 

Mono^ycerides, vegetable oil, effect 
on bread crumb firmness (Skov- 
holt and Dowdle).... 26 


Naphthol, alpha-, as flour pigment de¬ 
struction inhibitor (Irvine, Wink¬ 
ler, and Anderson).367 

Niacin, see Nicotinic acid 
Nicotinic acid 

In normal and moldy corn (Hunt, 
Rodriguez, Bethke, and Thomas). 342 
In com inbred lines (Rodriguez, 


Hunt, and Bethke). 67 

In Ohio hybrid corns (Hunt, Rodri¬ 
guez, and Bethke). 149 

Nitrogen trichloride, absorption spec¬ 
tra of extracts of flour treated 

with (Milner and Dodge). 501 

Nutritive value 

Of flour bleached with chlorine di¬ 
oxide (Allison, WTiite, Ajemian, 

and Roth).495 

Of soybean products (Simon and 

Melnick). 114 

Of white bread containing non- 
viable dried yeast (Seeley, Siegler, 
and Sumner). 50 

Oats 

Niacin content (Hunt. Rodriguez, 

and Bethke). 79 

Thiamine content (Hunt, Rodriguez, 

and Bethke). 79 

Pantothmiic acid content (Hunt, 

Rodri^ez, and Bethke). 79 

Riboflavin content (Hunt, Rodri¬ 
guez, and Bethke). 79 

Vitamin content, effect of soil treat¬ 
ment (Hunt, Rodriguez, and 

Bethke). 79 

Osborne medal award, to William 
Findlay Geddes (1950). 


27, No. 6, Suppl. 


Pantothenic acid 

In cereals, effect of soil treatment 
(Hunt, Rodriguez, and Bethke).. 79 

In com 

inbred lines (Rodriguez, Hunt, 
and Bethke). 67 


Pantothenic acid {Continued) 

normal and moldy (Hunt, Rodri- 
gu 2 z, Bethke, and Thomas).... 342 
Omo hybrids (Hunt. Rodriguez, 

and Bethke). 149 

Pentosans 

Effect on dough properties (Pence. 

Elder, and Mecham). 60 

Separation from wheat flour (Pence, 

Elder, and Mecham). 60 

Pigments 

In durum wheat 
destruction 

during mixing (Irvine, Winkler, 

and Anderson). 367 

inhibitors (Irvine, Winkler, and 

Anderson). 367 

in flour after bleaching, nature 

of (Milner and Dodge).SOI " 

Plant growth stimulants, 2,4-dichloro- 
phenox 3 ^cetic acid esters, effect 
on hard red winter wheat quality 
(Shellenberger, Phillips, Johnson, 

and Miller). 162 

Platt machine, see Baker Compres- 
simeter 


Poems, see Polyoxyethylene mono¬ 
stearate 

Potassium iodate 

Decomposition during bread baking 
(Conn, Hollenbeck, Rosenblum, 

and Woodbury). 296 

Determining decomposition in bread 
by radioactive iodine (Conn, 
Hollenbeck, Rosenblum, and 

Woodbury). 296 

Polyoxyethylene monostearate 
As antistaiing adjunct in bread 
(Carson, Mamett, and Selman).. 438 
Effect on 

bread crumb firmness (Skovholt 

and Dowdle). 26 

flour amylase activity (Mamett 

and Selman).349 

rate of bread crumb firming 
(Edelmann, Cathcart, and 

Berquist). 1 

starch dextrinization (Mamett 

and Selman). 349 

Pressuremeter, electrical recording 

(Redfem).451 

Proteins 

Com 

extraction with aqueous detergent 
solutions (Foster, Yang, and 
Yui).477 


inbred lines (Rodriguez, Hunt, 

and Bethke). 67 

solubility in aqueous detergent 
solutions (Foster, Yang, and 

Yui). 477 

Extraction with aqueous detergent 
solutions (Foster. Yang, and Yui). 477 
Soybean 

electrophoretic analysis (Briggs 

and Mann). 243 

- (Mann and Briggs). 258 

nutritive value of raw and heat- 
processed (Simon and Mdnick). 114 
Wheat 

effect on loaf volume (Fifield, 
Weaver, and Hayes).383 
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Proteins (Continued) 

in relation to amino acid composi-^ 

tion (Price). 73 

Proteinase activi^ 

Of dour supplemented with alpha- 
amylase (Conn. Johnson, and 

MiUer). 191 

Of fung^ and bacterial alpha-amy¬ 
lase preparations (Conn, Johnson, 
and Miller). 191 

Radioactive iodine as tracer for 
following decomposition of potas¬ 
sium iodate during bread baking 
(Conn, Hollenbeck, Rosenblum, 

and Woodbury). 296 

RibofUvin 

In cereals, effect of soil treatment 
(Hunt, Rodriguez, and Bethke).. 79 

In flour, effect of ammonium per¬ 
sulfate (Doty and Sherwood).. . 409 

Rye 

Amylase (beta) activity (Erlich and 

Burkert).423 

Gluten prepared from < Cunningham 
and Anderson).344 


Salt, see Sodium chloride 
Semolina, destruction of pigment dur¬ 
ing niixing (Irvine and Winkler). 205 
Shortening, effect on spreading and top 
grain of sugar-snap cookies (Fin¬ 
ney, Yamazaki,^and Morris).... 30 

Sorghum ' 

Composition,_^ 

bran (Hubbard, Hall, and Earle). 415 
endosperm (Hubbard, Hall, and 

Earle).415 

germ (Hubbard, Hall, and 

Earle). 415 

of various fractions (Hubbard, 

Hall, and Earle). 415 

Wet milling (Zipf, Anderson, and 

• Blotter).463 

Sodium chloride, effect on crumb 

firmness (Edelmann, Cathcart, 

and Berquist). 1 

Soya, See Soybean 
Soybean 
Flour 

as wheat flour additive (Finney, 
Bode, Yamazaki, Swickard, and 

Anderson). 312 

wheat flour blends 

palatability (Finney, Bode, 
Yamazaki, Swickard, and 

Anderson). 312 

baking properties (Finney, 
Bode, Yamazaki. Swickard, 

and Anderson).312 

Proteins 

composition (Briggs and Mann).. 243 
curd volume as solubility index 
(Loska and Melnick). 127 

• denaturation, electrophoretic anal¬ 

ysis (Mann and Briggs).258 

effect of 

ethanol (Mann and Briggs).... 258 
methanol (Mann and Briggs).. 258 
solvents (Mann and Briggs)... 258 
electrophoretic analysis (Briggs 

and Mann). 243 

- (Mann and Briggs).258 


Soybean (Contintied) 

heat processes, digestibility 

(Simon and Melnick). 114 

nutritive value (Simon and 

Melnick). 114 

raw, digeikibility (Simon and 

Melnicy^.. 114 

Products, evaluation by curd-pro¬ 
ducing capacity (Loska and Mel¬ 
nick). 127 

Spectrophotometry of bleached flour 

extracts (Milner and Dodge).501 

Stain, 2,3,5-triphenyltetrazolium chlo¬ 
ride for com viability test (Baird, 

MacMasters, and Rist).508 

Staling of bread, see Bread staling 
Starch 

Amylose hydrolysate, chromato¬ 
graphic analysis (Dimler, Bach- 

mann, and Davis).488 

Chromatographic anal:i^s of amy- » 
lose hydrolysate (Dimler, Bach- 

mann, and Davis).488 

Amaranthus leucosperma (S. Ameri¬ 
can food seed) properties (Wolf, 

MacMasters, and Rist).219 

Chenopodium quinoa (S. American 
food seed) properties (Wolf, Mac¬ 
Masters, and Rist).219 

C. paludicaule (S. American food 
s^) properties (Wolf, Mac¬ 
Masters, and Rist).219 

S. American food seeds, properties 
(Wolf, MacMasters, and Rik)... 219 
Perisperm, properties (Wolf, Mac¬ 
Masters, and Rist).219 

Wheat, effect of polyoxyethylene 
monostearate (Mamett and Sel- 

man).349 

Storage of com 

Bio^emical changes (Bottomley, 

Christensen, and Geddes).271 

Mold growth (Bottomley, Christen¬ 
sen, and Geddes).271 

Temperature, humidity, and oxygen 
concentration studies (Bottomley, 

Christensen, and Geddes).271 

Sucrose, see Sugar 
Sugar 
Effect on 

crumb firmness (Edelmann, Cath¬ 
cart and Berquist). 1 


spreading and top grain of sugar- 
snap cookies (Finney, Yamazaki 
and Morris). 30 


Thiamine 

In cereals, effect of soil treatment 
(Hunt, Rodriguez, and Bethke).. 79 

In flour, effect of ammonium per¬ 
sulfate (Doty and Sherwood)-409 

Trypsin inhibitor, in soybean protein 

(Simon and Melnick). 114 

Vegetable oil mono^ycerides, see 

Monoglycerides, vegetable oil- 

Viscosity of flour disper^ons, effect of 
polyethylene monostearate (Mar- 

nett and Selman).349 

Vitamin Bi, see T h iami n e 
Wtamin Bi, see Riboflavin 
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Vitamins 

In cereals, effect of soil treatment 
(Hunt, Rodriguez, and Bethke) 

In flour, effect of ammonium persul¬ 
fate (Doty and Sherwood).409 


Water, effect on crumb firmness 
(Edelraann, Cathcart, and Ber- 

quist). 1 

Wheat 


Amino acids 

composition (Pence, Mecham, 
Elder, Lewis, Snell, and Olcott). 335 
microbiological assay (Miller, 
Seiffe, Shellenberger, and 

Miller). 96 

Amylase (beta) activity (Erlich and 

Burkert).423 

Cystine content, relation to dough 

properties (Wbstmann). 391 

Drying temperature, effect on quality 
of immature (Milner and John¬ 
son). 358 

Durum, macaroni making varieties 
(Irvine, Winkler, and Anderson).. 367 
Evaluation of varieties of cookies 
(Finney, Morris, and Yamazaki).. 42 


Effect of 

2, 4-dichlorophenoxyacetic add 
esters on quality (Shellenberger, 
Phillips, Johnson, and Miller).. 162 
soil treatment on vitamin content 
(Hunt, Rodriguez, and Bethke). 79 

Flour, see Flour 

Hard red winter, effect of 2,4-dichlo- 
rophenox 3 ^cetic add esters on 
quality (Shellenberger, Phillips, 


Johnson, and Miller). 162 

Immature, effect of 
dry-ice treatment on quality (Mil¬ 
ner and Johnson).358 

drying temperature on quality 

(Milner and Johnson).358 

Gluten, see Gluten 

Niacin content (Hunt, Rodriguez, 

and Bethke). 79 

Pantothenic add (Hunt, Rodriguez, 

and Bethke). 79 

Protein 

Amino add composition (Price).. 73 

—(Miller, Seiffe, Shellenberger, 
and Miller). 96 


Wheat {Continued) 

effect on loaf volume (Fifield, 

Weaver, and Hayes). 383 

nutritive value, relation to amino 
add content (Miller, Seiffe, 

Shellenberger, and Miller). 96 

quality differences (Price). 73 

Quality 

effect of 2,4-dichlorophenoxyacetic 
acid esters (Shellenberger, Phil¬ 
lips, Johnson, and Miller).162 

of immature 

drying temperatures effect 

(Milner and Johnson). 358 

treatment with dry ice (Milner 

and Johnson). 358 

Riboflavin content (Hunt, Rodriguez 

and Bethke). 79 

Thiamine content (Hunt, Rodriguez, 

and Bethke). 79 

Varieties 

amino add content, (Miller, Seiffe, 

Shellenberger, and Miller). 96 

- (Pence, Mecham, Elder, 

Lewis, Snell, and Olcott). 335 


for cookies, evaluation of micro 
and macro baking procedures 
(Finney, Morris, and Yamazaki) 42 
ev^uation of bread-baking quality 
(Fifield, Weaver, and Hayes)... 383 
protein content and loaf volume 
(Fifield, Weaver, and Hayes).. 383 
Vitamin content, effect of soil treat¬ 
ment (Hunt, Rodriguez, and 


Bethke). 79 

Xanfhophyll 

In durum wheat, destruction during 
mixing (Irvine, Winkler, and 

Anderson). 367 

In macaroni, destruction during 
mixing (Irvine and Winkler).205 

Yeast 

Effect on crumb firmness (Edelmann, 

Cathcart, and Berquist). 1 

Nonviable dried, for improving nu¬ 
tritive value of white bread 
(Seeley, Ziegler, and Sumner).... 50 

































